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ABSTRACT 
 
This study involved 4 experiments: 
Experiment 1: Water salinity (1.5% NaCl) increased water 
consumption and decrease food intake significantly, while rectal 
temperature (Tr) and body weight (BW) were not significantly affected. 
 The packed cell volume (PCV) decreased significantly with saline 
water. Likewise, the serum urea level decreased, however, serum total 
protein and albumin concentrations were not significantly affected by 
salinity. On the other hand, serum creatinine increased significantly in 
the treated group in weeks 5 and 6. A slight decrease in plasma glucose 
was observed in the treated animals while serum Na and K levels were 
not significantly affected; however, Na and K levels decreased during the 
first 4 weeks, while Na level tended to increase in the last 2 weeks.  
 Urea level decreased significantly in the first 3 weeks then tended 
to increase. Urine value and GFR increase significantly. 
Experiment 2: Involved dehydration and hydration states. The 
dehydrated goats (3 days) drank 4.6 litre  after 15 minutes of rehydration, 
beside BW loss regain. Rehydration also corrected the significant 
decrease in food intake within 2 days, associated with normal body 
temperature which increased with dehydration together with PCV. 
 Dehydration significantly increased serum total proteins, albumin, 
urea, creatinine and osmolality, and all retuned to the normal level in the 
second dary of rehydration. However, the significant decrease in urine 
volume and GFR, which returned to control level after 3 days of 
rehydration. Dehydration was associated with significant increase of 
urine urea which decreased to control values in the second day of 
rehydration.  
Experiment 3: Increasing dietary protein level resulted in a 
significant increase in water consumption and a significant decrease in 
daily food intake, however, there was no significant difference in either 
parameter between low and medium levels. The mean BW of goats 
decreased significantly by increasing protein level in diet; the difference 
was significant between the high and low levels, but it was insignificant 
between the high and medium and low and medium levels.  
There was a slight increase in PCV of the medium level compared 
to the high and the low level. Serum total protein and albumin levels 
were not significantly affected by changing dietary protein level, while 
serum urea level increased significantly and progressively with increase 
in dietary protein level. Serum creatinine level decreased significantly 
with increasing dietary protein level.  
Urine volume and GFR increased significantly with increased 
dietary protein level. Urine K level decreased significantly and urine urea 
level increased significantly with increase dietary protein level.  
Experiment 4: the unilateral nephrectomy resulted in significant 
increase in the weight of the contralateral kidney in the Unix animals 
compared to sham-operated animals. Ultrasonographic measurements 
indicated significant increase in the volume of the remaining kidney as a 
result of compensatory renal growth. Also unilateral nephrectomy 
resulted in a significant increase in the diameters of nephron components 
(glomerulus, proximal and distal tubules) and decrease in Bowman space   
as a result of compensatory renal growth. Unilateral nephrectomy 
resulted in significant increase in relative medullary thickness ( RMT).  
No significant difference could be detected between UniX and 
sham-operated goats related to unilateral nephrectomy in water 
consumption, BW and Tr throughout the experimental period. 
Erythrocytic indices: erythrocyte count, PCV and Hb concentration 
were not significantly affected by unilateral nephrectomy; and it was not 
associated with significant changes in serum total protein, albumin and 
osmolality. 
Serum creatinine level significantly increased in UniX goats 
particularly in the first three weeks, compared to sham-operated group. 
Serum urea level, plasma glucose level serum Na, K level and cortisol 
were not significantly affected by unilateral nephrectomy. 
Urine volume slightly decreased in UniX goats in the first  weeks 
compared to sham-operated, while the GFR in UniX goats significantly 
decreased compared to sham-operated. No significant effects were 
observed in urine Na, K, and urea levels related to unilateral 
nephrectomy.  
  Drinking saline water significantly increased water consumption at 
concentration of 0.45, 0.9 % NaCl and slightly decreased food intake. 
The increase in salt load slightly reduced Tr and BW of UniX and sham-
operated animals.  
The PCV and Hb concentration of normal and UniX goats decreased 
insignificantly by drinking saline water. The water salinity did not 
significantly affected serum total protein and albumin level of UniX and 
sham-operated animals. Serum urea level increased with 0.45% NaCl and 
then tended to slight decrease with 0.9 and 1.5% NaCl. No significant 
changes were detected in serum creatinine related to water salinity in 
UniX and sham-operated animals. Plasma glucose level decreased 
significantly with increasing water salinity. Serum osmolality was 
slightly decreased with changing from tap water to water with 0.45 and 
0.9% NaCl and then tended to increase slightly with 1.5% NaCl. The salt 
load did not significantly affect serum cortisol level of UniX and sham-
operated animals.  
The urine volume increased significantly by increasing concentration 
of NaCl in drinking water (0.45 and 0.9% NaCl), but it tended to 
decrease with 1.5% NaCl in UniX and sham-operated animals. GFR was 
significantly increased by drinking saline water in UniX and sham-
operated animals. Urine Na level increased significantly with increase 
salinity of water in UniX and sham-operated animals. The urine K level 
of UniX and sham-operated animals showed significant decrease with 
0.45 and 0.9% NaCl and it tended to increase with 1.5 % NaCl.  Urine 
urea level of UniX goats was significantly decreased by drinking saline 
water compared to sham-operated. 
The effects water deprivation in UniX and sham-operated goats and 
food intake showed significant decrease in water consumption. By the 
end of the 3 days of dehydration, the sham-operated animals group 
reduced their level of food intake by 59.44% and UniX group by 50.92%. 
Dehydration significantly decreased BW of UniX and sham-operated; by 
the end of the dehydration period, UniX goats lost about 13.33% of the 
initial body weight, while the sham-operated group lost about 14.77%. 
Sham-operated group regained almost all of their BW losses and UniX 
exceeded it after 4 hrs following rehydration. Tr of UniX and sham-
operated animals showed a decrease related to water deprivation, which 
attained level of significance in UniX group. 
The PCV and Hb concentration in UniX and sham-operated animals 
increased progressively and significantly during water deprivation. 
Serum total protein level of UniX and sham-operated animals showed a 
gradual and significant increase during water deprivation period. Serum 
albumin level in UniX and sham-operated animals exhibited a slow 
increase in response to water deprivation in the second and third day of 
dehydration. Serum urea, creatinine level and serum osmolality increased 
significantly and progressively, while plasma glucose level decreased 
with increase deprivation period in and sham-operated animals. Serum 
cortisol level exhibited unsteady pattern due to water deprivation in UniX 
and sham-operated animals. 
Urine volume and GFR of UniX and sham- operated goats were 
progressively and significantly decreased during dehydration. Urine Na 
and K level of UniX and sham-operated goats indicated no significant 
differences related to water deprivation. Urine urea concentration of 
UniX and sham- operated goats showed marked fluctuation during water 
deprivation. 
The results obtained in the studies were explained and discussed in 
the light of previous findings reported in the literature. 
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CHAPTER ONE 
INTRODUCTION 
 
1.1 Physiological characteristic of goats  
          Goats are small ruminants that can be used and raised for various 
purposes (Rankins et al., 2002). Goats have prehensile lips, they are 
active foragers and can utilize browse. When given a choice, goats will 
choose grass over legumes and browse over grass (Rankins et al., 2002). 
Goat breeds native to dry regions possess physiological mechanisms for 
maintaining fluid and thermoregulatory homeostasis. However, they have 
developed strategies to use the utmost of the regulatory systems in order 
to cope with heat stress and scarcity of food and water (Silanikove, 
1992).  
The physiological features of goats, which are responsible for 
superior digestion capacity, include large salivary glands, large 
absorptive area of their rumen epithelium, and a capacity to rapidly 
change the volume of the foregut in response to environmental changes. 
A positive interaction has been reported between the better recycling rate 
of urea and a better digestion of such food in desert goats (Maltz et al., 
1981; Silanikove, 1984) 
      The rumen plays an important role in the evolved adaptations by 
serving as a huge fermentation vat and water reservoir (Silanikove, 
1994). The water stored in the rumen is utilized during dehydration, and 
the rumen serves as a container, which accommodates the ingested water 
upon rehydration. The rumen, salivary glands and kidney coordinate 
functions in the regulation of water intake and water distribution 
following acute dehydration and rapid rehydration (Silanikove, 1994). 
1.2 The use of goats in scientific research 
Goats have distinct physiological features, so, they are suitable 
animals for experiment, particularly in physiological studies (Abdelatif, 
1978; Ahmed and Amar, 2001; Ahmed and El kheir, 2004; McGregor, 
2004). 
1.3 Effect of salinity of drinking water 
The principal factors affecting water quality include salinity, pH, 
algae growth and presence of toxic elements and compounds. All natural 
waters contain some dissolved salts (Cummings, 2002). Salinity levels 
are measured directly by total dissolved solids (TDS) and indirectly by 
electrical conductivity (EC) (McGregor, 2004).  
          The main factor which determines the suitability of water for 
animals is the concentration of dissolved salts in the water (Ray and 
Wegner, 1989). Many factors influence the concentration of salts that 
animals can tolerate in their drinking water. The limited evidence 
available suggested that goats have similar or slightly greater tolerances 
to salt in water compared with sheep (Goatcher and Church, 1970). For 
salty tastes, at dilutions below the acceptance threshold, goats preferred 
salty water to fresh water. Many workers found that salinity increased the 
intake of water by animals, (Wilson, 1966; Assad et al., 1997). 
According to Goatcher and Church (1970), laboratory tests showed that 
the intake of water by goats and sheep fell rapidly above NaCl 
concentrations of 0.6%. This does not accord well with observations 
made of feral goats surviving on arid islands (Dunson 1974, Parkes et al. 
1996) or with studies on Egyptian goats (Abou Hussien et al., 1994).  
Burke (1990) reported that feral goats drinking seawater allowed them to 
increase urine volume to enable them to excrete larger amounts of other 
solutes such as urea.  
Macfarlane (1982) concluded that since most Merino sheep 
become partly intoxicated by salt at 1.3% in water (Peirce, 1968) and 
Turkana goats tolerate 1.5% of salt in drinking water that these goats 
must be more adapted to higher salt loads by having slightly better 
sodium pumps than sheep.  
The sources of drinking water in semi arid areas contain high 
concentrations of salts with NaCl as the main constituent (Gihad et al., 
1993). Therefore, its provide Na for mammals in areas where intakes of 
Na from feed are low, but it may provide excessive quantities of salt (and 
of other minerals) normally present with the salt, such as sulphates and 
bicarbonates of Na, Ca and Mg. Sodium-deprived animals show a 
marked preference for salty water (Smith and Middelton, 1978) and they 
will even consume sodium bicarbonate (NaHCO3), which is usually 
avoided (Bell, 1995).        
1.3.1 Water and food intake and body weight (BW) 
          Increasing water salinity to 1.7% increased total water intake of 
goats by 59% (Abou Hussien et al., 1994).  Water intake increased in the 
goats offered saline well water (0.8 %) for 6 weeks (El Gawad, 1997). 
The salinity of drinking water significantly increased water consumption 
of Nubian goats (Eltayeb, 2006). Often an animal on 2% salt water would 
stop drinking for several days and then drink over 100 Lb. in a day 
(Weeth et al., 1960).  
Abou Husien et al. (1994) reported that intake of water with 0.9% 
TDS reduced the food intake of sheep but not goats. Increasing the salt 
content from 0.95% to 1.7% TDS reduced the food intake of both sheep 
and goats. Peirce (1963) found that food consumption declined in 
animals receiving 2.0% NaCl in the drinking water. Wilson (1966) 
reported that food intake of sheep declined at the higher concentrations of 
NaCl (10-20% in food, 1.5-2.0% in water), while El Gawad (1997) 
reported that feed intake increased in the goats offered saline well water 
about 0.82% total soluble salts (TSS).  Arnold (1964) found that sheep in 
sodium deficiency select grass of high Na content. 
      The concentration of salts in drinking water may affect body weight 
(BW) of animals. McGregor (2004) reported that Australian domestic 
goats on seawater of 3.6% of body weight per day for 24 days decreased 
BW by 15 to 20%. A concentration of 1% NaCl in the drinking water had 
no adverse effects on the BW of sheep, but there was a decline in BW of 
several animals receiving 2% salt water (NaCl) and affected animals 
receiving 1.5% salt water (Peirce, 1957, 1963; Wilson, 1966).   
1.3.2 Blood constituents  
       The salt load influenced the blood constituents in mammals. Eltayeb 
(2006) studied the impact of drinking saline water on Nubian goats; he 
reported that the packed cell volume (PCV) level during summer was 
significantly lower in group receiving 1.2 and 1.6% NaCl in drinking 
water. The plasma glucose level was not affected by salinity of drinking 
water in both summer and winter. The serum total protein and albumin 
concentrations increased significantly by gradual increase in NaCl 
concentrations in drinking water during winter. The serum urea level was 
significantly lower in the groups receiving high concentrations of NaCl 
(1.6 and 2%). 
  Blood volume, plasma volume, extracellular fluids, and interstitial 
fluids decreased by increasing water salinity for ewes (Assad and El-
sherif., 2002). Meintjes and Engelbrecht (2004) found that in German 
Merino sheep, both plasma Na and urea concentrations decreased 
significantly by drinking 0.45% NaCl, although no further change was 
recorded with the increase in salt loading to 0.9% NaCl, while plasma K 
concentrations increased by drinking 0.45% NaCl, and increased even 
further with 0.9% NaCl in the drinking water. In summer and winter, the 
serum concentration of Na was significantly higher in Nubian goats 
offered saline water (Eltayeb, 2006). Peirce (1957, 1963) and Hemsley et 
al. (1975) found that 1% NaCl in the drinking water for Merino sheep 
had no effect on the concentration of Na, K, Ca, or Mg in the blood 
plasma. In Barki sheep, the plasma glucose level decreased by salinity 
(13,535 ppm TDS) (Assad and El-sherif., 2002). Serum Na was 
unchanged by drinking 1% salt water, it was increased an average of 
14.2% on 2% salt water. Serum K tended to increase significantly in 
heifers drinking 2% NaCl. Blood urea was decreased when heifers were 
drinking either 1 or 2% NaCl. Weeth and Haverland (1961) reported that 
in growing cattle during summer, serum Na and K were increased when 
the drinking water contained 1.2% NaCl, but not in winter when it 
contained 1.5% NaCl. 
1.3.3 Renal function 
The salt load in drinking water or food may influence the renal 
function in mammals. Drinking saline water increased the GFR for goats 
(Godwin and Williams, 1986) Abou Hussien et al. (1994) indicated that 
goats excreted more urine and increased the GFR. In Merino ewes, the 
urinary excretion of Ca, Mg, K, P, Na and Cl was increased by saline 
water (0.8 and 1.3% NaCl) ingestion. Eltayeb (2006) reported that in 
Nubian goats, during summer and winter, there was a significant increase 
in urine Na, Mg and urea level with increasing NaCl concentration (0.8-
2%) in the drinking water. The excretion of urea was higher for goats 
(Godwin and Williams, 1986) and sheep (Meintjes and Engelbrecht, 
2004) receiving high concentrations of NaCl compared to others 
receiving tap water and low concentrations of NaCl. Drinking saline 
water increased the urinary volume and electrolyte excretion in sheep 
relative to those drinking fresh water (Meintjes and Engelbrecht, 2004).  
1.4 Effect of dehydration  
      Since the intake of water is intermittent and loss of water is 
continuous, an animal is always faced with the problem of slow 
dehydration (Reece, 2004). Regulation of total body water is mainly 
controlled by the kidneys. If the loss of water from the body is 
continuous without ingestion of water, a deficit in body water develops. 
Deprivation of water causes sensation of thirst and a desire to drink water 
(Swenson and Reece, 1993). As goats in arid and desert regions might 
encounter periods of lack of water, particularly during summer, they 
might go into a state of dehydration for several days. Several reports have 
documented the high capability of goats to tolerate dehydration (Maltz et 
al., 1984; Shkolnik and Choshniak, 1985; Silanikove, 1994). Tolerance 
of dehydration is as important as the ability of grazing animals to survive 
prolonged periods of dehydration (Alamer, 2003). Black Bedouin goats 
of Sinai and Barmer goats of India can tolerate as much as four days 
without being watered (Khan et al., 1979; Shkolnik et al., 1980). 
Dehydrated black Bedouin goats have been shown to tolerate water loss 
for up to 40% of their body weights (Shkolnik et al., 1980), which is 
considered fatal in other ruminant species such as cattle. 
1.4.1 Food intake and body weight 
             Water and food intake are highly correlated (More et al., 1983; 
Silanikove, 1989; Ferreira et al., 2002). Water restriction or dehydration 
reduces voluntary feed intake in Sudanese desert goats (Ahmed and 
Amar, 2001; Ahmed and El kheir, 2004), goats of Saudi Arabia (Alamer, 
2003) and Sudanese desert sheep (Abdelatif and Ahmed, 1994). Schoen 
(1968) reported that the East African goats decreased their feed intake by 
20% when their ad libitum water intake was reduced by 24-39% Bohra 
and Ghosh (1978) noted that the Marwari sheep reduced their feed intake 
by 19% when they were deprived of water for 3 days.. The Swiss Saanen 
goats reduced their feed intake by 42% when deprived of water for 3 
days (Silanikove, 1985). Khan et al. (1978) noted that the Bramer goats 
reduced their food intake by 39.6% when water was deprived for 4 days. 
In contrast, Misra and Khub (2002) reported that water deprivation for 
48h did not adversely affect feed intake and nutrient digestability in non-
producing adult goats under semi-arid condition of India. Adogla-Bessa 
and Aganga (2000) found that Feed intake per kilogram metabolic weight 
of Tswana goats increased as water intake decreased from ad labium to 
the 72h watering interval. 
           Desert goats seem to be the most efficient among ruminants 
concerning their ability to withstand dehydration (Silanikove, 1994). 
However, food consumption decreased with the increasing of the period 
of dehydration in Saanen and black Bedouin goats. The Saanen goats 
reduced their dry matter intake and consequently their water intake much 
more than the Bedouin goats. The Bedouin goats are capable of 
maintaining during 3 days of dehydration a level of consumption, which 
is well above their maintenance requirements while the Saanen goats 
consumed only the amount of feed, which is needed to satisfy their 
maintenance requirements (Silanikove, 1984).  
           Water deprivation resulted in a marked decrease in body weight in 
Sudanese desert goats (Ahmed and Amar, 2001; Ahmed and Al Kheir, 
2004), Tswana goats (Adogla-Bessa and Aganga 2000), goats of the of 
Saudi Arabia (Alamer, 2003). Ahmed and Al Kheir (2004) observed 
acute effect of water restriction on body weight of desert goat during dry 
summer. Hossaini-Hilali et al. (1994) reported that 48 h of water 
deprivation caused a body weight loss of 6% in non-lactating goats. 
1.4.2 Blood constituents      
         1n state of dehydration the blood volume is reduced and the formed 
elements in the blood and many of the chemical constituents show 
apparent increases due to haemoconcentration (Jain, 1986). Abdelatif 
(1978) indicated that the changes which occur in the blood constituents in 
Desert sheep and Nubian goats are modulated mainly by 
haemoconcentration following dehydration. Abdelatif and Ahmed (1994) 
reported that in Desert sheep water restriction resulted in increase in 
packed cell volume (PCV) and plasma osmolality. Increases in PCV and 
haemoglobin concentration (Hb) in goats during water deprivation were 
reported (Abdelatif, 1978; Musa, 1978; Gosh et al., 1983; Adogla-Bessa 
and Aganga, 2000).   
        Alamer (2003) reported that in three local breeds of goats in Saudi 
Arabia, under hot summer condition, three days of water deprivation 
resulted in gradual elevation in PCV, plasma osmolality, total protein, 
albumin and Na. Significant increase was shown in plasma urea and 
creatinine. Purohit et al. (1972) noted that in Marwari sheep the PCV 
increased by 32%, when they were totally deprived from water for 3 
days. Also water restriction increased the PCV in Yankasa ewes (Aganga 
et al., 1988). When water was deprived from Barmer goats for 4 days, the 
total plasma protein concentration increased by 4.4%, and the plasma 
albumin increased by 22.49% (Khan et al., 1978). In Moroccan goats, 
plasma total protein and Na concentrations were increased during 
dehydration (Hossaini-Hilali et al., 1994). The urea blood level was 
increased by water restriction in goats (Musa, 1978; Aganga et al., 1988) 
and sheep (Bohra and Ghosh, 1983; Abdelteif and Ahmed, 1994). Water 
deprivation for 29.5 h increased plasma osmolality and vasopressin 
concentration in goats (Olsson and Dahlborn, 1989; Hossaini-Hilali et 
al., 1994). Wittenberg et al. (1986) found that in dehydrated goats, 
aldosterone level and plasma renin activity increased. Olsson and 
Dahlborn (1989) reported that water deprivation increased vasopressin 
concentration in lactating goats. 
1.4.3 Renal function  
Water deprivation may influence renal function in mammals. El-
nouty et al. (1990) reported that when goats were exposed to water 
deprivation, they reduced urine volume during dehydration periods, 
which is of a major contribution to water conservation mechanism. This 
decrease in urine output was achieved by maintaining GFR below 
normohydration level (Khan et al., 1979). Arginine vasopressin which 
acts on the renal collecting tubules to increase water reabsorption was 
found to be increased in response to water deprivation in ruminants 
(Blair-west   et al., 1979; Choshniak, 1990), thereby increasing body 
water retention during dehydration. During dehydration, different breeds 
of goats were shown to conserve body water by reducing urine volume 
such as East African goats (Schoen, 1968), Turkana goats from Kenya 
(Maloiy and Taylor 1971), feral goats (Freudenberger and Hume, 1993), 
Tswana goats (Adogla-Bessa and Aganga, 2000). 
         Wittenberg et al. (1986) reported that in goats that were dehydrated 
to a loss of about 30% of their initial body weight, urine flow dropped to 
24% of the value recorded in the hydrated animals, and GFR dropped to 
half level recorded in the hydrated phase. Urine output, content decreased 
with increased length of water deprivation in Tswana goats (Adogla-
Bessa and Aganga, 2000).  
The urinary K/Na ratio increased considerably while urinary Na 
concentration decreased after the 4 days of water deprivation in Barmer 
goats (Khan et al., 1978). Na and K excretion decreased in the water 
deprived goats (Wittenberg et al., 1986).  
1.5 Effect of dietary protein level  
1.5.1 Blood constituents  
 In domestic ruminant management ( metabolic profiling) where 
several blood constituents reflecting changes in protein, energy and 
mineral intake are used to assess the nutritional status of animals for 
efficient production, was introduced over three decades ago (Payne et al. 
1970). Changes in the quality and or quantity of the diet have been shown 
to affect the blood constituents related to protein, carbohydrate, lipid and 
mineral metabolism in studies on several domesticated ruminant species 
cattle; Payne et al. (1970)and sheep; Leibholtz (1970). Manston et al. 
(1975) concluded that concentrations of urea in the serum of the cows 
were reflecting dietary protein intake and that concentrations of albumin, 
haemoglobin and PCV during lactation were affected by long-term 
protein status. The total protein concentration represents all proteins 
dissolved in blood plasma or serum. Albumin, synthesized by the liver 
from amino acid derivatives, constitutes about 35-50 % of total plasma 
proteins and is responsible for the colloid-osmotic pressure that prevents 
leakage of blood plasma from capillaries into tissues (Kaneko 1989). In 
domestic ruminants, blood total protein and albumin concentrations have 
been long used for the assessment of nutritional condition (Payne et al. 
1970, Kaneko, 1989), and low levels of albumin and total protein in 
plasma have been taken as measures of protein deficiency and 
undernutrition.  
1.5.2 Renal function  
High protein intake induces kidney hypertrophy and enhances 
renal haemodynamic. Because of the possible deleterious influences of 
dietary proteins in chronic renal failure, a number of investigations have 
been devoted to the study of the changes occurring in renal function and 
morphology, after a protein meal or after chronic alternations in protein 
intake (Bankir and Kriz, 1995; Bouby et al., 1988).  
Although there is limited research regarding the long-term effects 
of high protein intakes on renal function in humans, animal models have 
provided insight into this quandary. Recent trends in weight loss diets 
have led to a substantial increase in protein intake by individuals. As a 
result, the safety of habitually consuming dietary protein in excess of 
recommended intakes has been questioned (Martin et al., 2005). In 
particular, there is concern that high protein intake may promote renal 
damage by chronically increasing glomerular pressure and hyper-
filtration.  In fact, some studies suggest that hyperfiltration, the purported 
mechanism for renal damage, is a normal adaptative mechanism that 
occurs in response to several physiological conditions (Martin et al., 
2005).  
 Tuttle et al. (2002) noted that clearly dietary protein effects GFR 
with both acute and chronic increases in protein consumption elevating 
GFR (Bilo et al., 1989; Tuttle et al., 2002). 
Mammals fed acute and chronic high protein diets exhibit 
increases in GFR and renal blood flow (Singer, 2003), these changes, 
which are comparable to those observed in humans, led to the hypothesis 
that high protein intakes are associated with progressive 
glomerulosclerosis in the rat. Recently, Lacroix et al. (2004) studied the 
effects of a diet containing 50% protein on renal function in Wistar rats 
and noted no abnormalities in renal function or pathology. Collins (1990) 
also reported no adverse effects of long-term consumption of high 
protein diets on renal function when two years of a diet containing 60% 
protein failed to evoke changes in the percentage of sclerotic glomeruli in 
rats.  
Observational data from epidemiological studies provide evidence 
that dietary protein intake may be related to the progression of renal 
disease (Lentine and Wrone, 2004). Research by Johnson et al. (2003) 
showed protein intake as a possible risk factor for progressive loss of 
remaining renal function in dialysis patients. Indeed, dietary protein 
restriction is a common treatment modality for patients with renal disease 
(Pedrini et al., 1996; Meloni et al., 2004). In individuals with moderate 
to severe renal insufficiency, low protein intake may slow renal function 
decline. However, the long-term impact of protein intake on renal 
function in persons with normal renal function or mild renal insufficiency 
is unknown (Knight et al., 2003). 
 Many animal and human studies of diabetic and other renal 
diseases have demonstrated that high protein diets exacerbate proteinuria 
and accelerate renal disease progression (Hebert et al., 2001; Levey       
et al., 1999). When these rats are fed high-protein diets or when renal 
mass is surgically reduced, progression of renal lesions in residual tissue 
is accelerated and conversely, progression of renal damage is ameliorated 
by reducing dietary protein intake (Brenner et al., 1982).  
 
Studies suggest that increased glomerular capillary hydraulic 
pressure, which causes an increase in single nephron and whole animal 
GFR, is a significant factor in the genesis and progression of renal 
lesions (Brenner et al., 1982). Although the effects of protein on renal 
damage in susceptible strains of rats are well-documented, the question 
of protein effects on progression of renal lesions in other species is 
controversial.  
A study on progression of renal disease in humans concluded that 
there was no beneficial effect from protein restriction (Klahr et al., 
1994), but subgroups of data were reanalyzed and protein effects were 
supported (Levey et al., 1995). Several studies in humans with renal 
disease led to the conclusion that a beneficial effect of protein restriction 
existed but was weak (Kassiske et al., 1998). Data from other species 
regarding protein effects on progression of renal disease are 
contradictory, with some data suggesting adverse protein effects in dogs 
(Polzin et al., 1988) and cats (Adams et al., 1993) with remnant kidneys 
and other data indicating a lack of protein effects in these species (Finco 
et al., 1992; Finco et al., 1998; Robertson et al., 1986).  
Most studies have focused on the amount of protein ingested, but 
have ignored the source or degree of processing of the protein. However, 
studies conducted in both healthy humans and in those with renal disease 
have demonstrated differences between vegetable and animal protein 
effects on renal functions (Bilo et al., 1989; Kontessis et al., 1990; 
Kontessis et al., 1995, Nakamura et al. 1989; Nakamura et al., 1991 and 
1993). Generally, there is a marked increase in GFR in response to 
ingestion of proteins of animal origin, compared to only a mild or 
nonexistent change in GFR with vegetable proteins such as soy protein. 
These results have been interpreted to mean that glomerular capillary 
pressure would be attenuated with intake of soy protein, compared to 
animal protein, imparting a protective effect on the kidneys.  
The renal protection hypothesis has been tested in rats and mice, 
and beneficial results from feeding soy protein rather than casein have 
been reported (Ogborn et al., 1998; Tomobe et al., 1998; Walls and 
Williams, 1988; Williams and Walls, 1987; Williams et al., 1987). 
Methods of processing soybeans may affect certain biologic properties of 
the soy product (Anderson and Wolf, 1995) and thus all soy products 
may not have the same effects. In addition, intestinal transit and 
absorption of soy protein in dogs may differ from animal proteins (Zhao 
et al., 1997), which could affect renal hemodynamics despite acute 
changes in renal function and size, high protein intake did not have 
detrimental effects on renal function in healthy individuals (Boden et al., 
2005). 
          The mechanism responsible for the effects of high portein intake 
on renal haemodynamics and morphology are, however, still not well 
understood. Many researches have investigated the influence of dietary 
protein level on the progression of chronic renal diseases (Bankir and 
Kriz, 1995), Various disease lead to destruction of renal tissues with 
diminished in renal function. Diet therapy help to maintain the patient’s 
health. A large volume of urine helps to excrete urea and other 
metabolites. If the GFR falls below the normal level, the protein intake 
should be reduced and the protein must be of high quality (Sukkar, 
1985).  
  The pattern and magnitude of changes in GFR and creatinine 
clearance are examined along with a discussion of the effect of the 
variability of these measurements among individuals and populations on 
the interpretation of clinical studies. Potential mechanisms of protein-
induced changes in GFR and creatinine clearance are examined, 
including changes in the hormonal milieu, glomerular hemodynamics, 
and other intrarenal processes (King and Levey, 1993). Habitual dietary 
protein consumption varies significantly with respect to age, gender, and 
lean body mass--factors that are well known to influence GFR. This 
correlation raises the possibility that variation in dietary protein intake 
may account, at least in part, for the differences in renal function among 
individuals; and the level of protein intake should be assessed in defining 
the normal range of renal function (King and Levey, 1993). GFR, sodium 
thiosulphate clearance and renal plasma flow (RPF) significantly 
decreased after decreasing the intake of animal protein by one third with 
keeping the amount of vegetable protein constant (Kitazato et al., 2002).  
1.6 Effect unilateral nephrectomy on morphology and  renal function  
             After removal of one kidney because of disease, cancer, injury, 
or transplant donation, functional adaptation, and compensatory 
hypertrophy of the remaining kidney take place. Compensatory renal 
growth has been shown in studies of animals and humans (Dinkel et al., 
1988; Shohat et al., 1991; Gomez-Anson et al., 1997). Kidney 
enlargement has been estimated radiologically by an increase in length or 
in some indices using the length, width or volume (Dinkel et al., 1988; 
Gomez-Anson et al., 1997). Renal volume determination by sonography 
has shown a 20-100% increase in the remaining kidney volume (Gomez-
Anson et al., 1997). Functional adaptation of the remaining kidney after 
unilateral nephrectomy has a rapid onset, more so fore glomerular 
function than tubular function.  
The creatinine clearance increased by 70-75% of the preoperative 
creatinine clearance within several weeks postoperatively (Vincenti et 
al., 1983) and remains stable for more than 10 years after nephrectomy. 
The renal hypertrophy and accompanying improvements in renal 
function in the contralateral kidney that occur subsequent to unilateral 
nephrectomy also suggest these processes are an adaptive, and possibly 
beneficial, response (Sugaya et al., 2000).  
Studies show, despite prolonged hyperfiltration, remnant kidney 
function remained normal  and did not deteriorate during long-term 
(more than  20 yrs) follow-up in nephrectomized patients (Higashihara   
et al., 1990; Regazzoni, et al., 1998), thus, compensatory hyperfiltration 
appears to be a biological adaptation to a variety of renal challenges that 
is not associated with increased risk of chronic kidney disease in healthy 
individuals. Reduction of renal mass by unilateral nephrectomy results in 
an immediate increase in RBF to the remnant kidney, followed by 
compensatory renal hypertrophy (Sigmon, 2004). Sidorova and 
Gorbunova (1976)  studied compensatory hypertrophy of the remaining 
kidney of unilateral nephrectomized rats in different ages, they found that 
hypertrophy of the kidney at all ages was accompanied by increased 
proliferation of cells of the tubules, especially the proximal tubules. An 
increase in the size of the renal corpuscles during hypertrophy of the 
kidney was characteristic in all rats. 
 Unilateral nephrectomy of the adult animal results in 
compensatory renal growth but does not involve formation of new 
nephrons (Douglas-Denton et al., 2002). Douglas-Denton et al. (2002) 
studied unilateral nephrectomy in the ovine fetus they found that the wet 
weight of the remaining kidney was greater in the unilaterally 
nephrectomized fetus .There was a 45% increase in the number of 
nephrons in the remaining kidney of nephrectomized group. 
Nephrogenesis is complete before birth in the human and during 
the neonatal period in rats and mice, so enlargement (hypertrophy) of the 
remaining kidney cannot involve the formation of new nephrons 
(Hartshorne et al., 1991). Low nephron number has been associated with 
an increased risk of developing hypertension and chronic renal failure as 
an adult (Brenner and Mackenzie, 1997; Vehaskari et al., 2000).   
1.7 The role of kidney in homeostasis  
    The kidneys are bean-shaped organs located behind the peritoneal 
cavity, they constitute about 0.5% of the total body weight. The kidneys 
are accomplished by individual functional units called nephrons 
(Silverthorn, 1998). The size of the kidney in various species is 
determined largely by the number of nephrons they contain (Ganong, 
2003). The number of nephrons varies among species, with larger species 
having more of them. The mammalian kidney has two principal types of 
nephron according to the location of their glomeruli and the depth of 
penetration of the loops of Henle into the medulla, the cortical nephrons, 
whose glomeruli in the outer region of the cortex and juxtamedullary 
nephrons whose glomeruli in the cortex close to medulla. Also the 
cortical nephrons have short loops of Henle and the juxtamedullary 
nephrons have long loops of Henle that descend deep into the inner zone 
of the medulla (Reece , 2004).   
         Homeostasis, derived from the Greek word ‘homoios’, meaning of 
the same kind, and ‘stasis’, meaning condition, is a very important 
feature of all biological organisms (Greerara, 2004). Kidneys are the 
main organs regulating water-electrolyte homeostasis in the body. They 
are responsible for maintaining the total volume of water and its 
distribution in particular water spaces, for electrolyte composition of 
systemic fluids and for maintaining acid-base balance. These functions 
are performed by the plasma filtration process in renal glomeruli and the 
processes of active absorption and secretion in renal tubules, all adjusted 
to an ‘activity-rest’ rhythm (Jankowiak and Sareło, 2002; Skotnicka1     
et al., 2007). 
     The kidneys maintain normal limits of water and ions by balancing 
the intake of those substances with their excretion in urine (Silverthorn, 
1998). If the extracellular fluid volume falls below a certain level, blood 
pressure falls to levels that cannot sustain adequate blood flow to the 
brain and other essential organs. The kidneys work in an integrated 
fashion with the cardiovascular system, so that blood pressure and tissue 
perfusion remain within an acceptable range. Other important functions 
include regulation of osmolality, maintenance of ion balance, 
homeostatic regulation of pH, excretion of wastes and foreign substances 
(byproduct of metabolism, drugs and environmental toxins), The kidneys 
also produce hormones (Silvertherthorn, 1998; Sukkar et al., 2000). 
1.8 Objectives  
Recently in the general population, a decline in renal function, 
which may lead to renal failure, is occurred. Many factors may cause this 
problem.  
Because it is difficult to use humans in experiments, this project 
was designed to study the effects of some dietary factors and 
nephrectomy on renal function in goats, which is widely adopted as 
experimental animals in medical and veterinary research. The studies 
were conducted to investigate the following relationships: 
1. Effects of salinity of drinking water on blood constituents and 
renal function. 
2. Effects of state of body hydration on blood constituents and renal 
function. 
3. Effects of dietary protein level on blood constituents and renal 
function. 
4. Effects of unilateral nephrectomy on renal function and kidney 
morphology. 
5. Responses of uninephrectomized goats to drinking saline water 
and dehydration.  
 
CHAPTER TWO 
MATERIALS AND METHODS 
 
2.1 Experimental animals    
A total number of 46 healthy adult non-gestating and non-lactating 
Nubian goats were used throughout the studies. The goats were about  
2½ – 3½ years old with an average body weight of 23 kg at the beginning 
of the studies. 
        The animals were obtained from the local markets at western 
Umdurman and kept for an adaptation period of about one month before 
starting the experiments. All the animals were subjected to clinical 
examination before the beginning and during the course of study. They 
were given prophylactic antimicrobial treatment. The animals were ear 
tagged for identification; they were kept in individual metabolic cages. 
2.2 Climatic measurements 
The daily maximum, minimum and mean ambient temperature 
(Ta) and relative humidity (RH) readings were obtained from Shambat 
Meteorological Unit located about 500 meters  from the experimental 
site. 
2.3 Food and water consumption  
  The animals were fed on a two types feed, lucerne hay (Medicago 
Sativa) chopped by grinding machine and concentrates. The rations were 
prepared by mixing dry chopped sorghum, groundnut cake, and salt. 
Each animal was offered daily 1.5 kg of food at 9:00 am. Feed intake was 
recorded daily by weighing the residues from previous day. Water was 
offered daily at 9:30 am in individual plastic buckets, the daily water 
intake of each animal was measured.  
2.4 Rectal temperature (Tr)  
The rectal temperature (Tr) was measured by a digital clinical 
thermometer (Hartman _ United Kingdom) with an accuracy of ± 0.1ºC.  
2.5 Body weight (BW) 
          During the experimental period, the animals were weighed in the 
morning (at 8:00 a.m), to the nearest 0.5 kg using a spring balance 
(SALTER- England). 
2.6 Blood analysis 
2.6.1 Collection of blood samples 
         The blood samples were drawn from the jugular vein using 10 ml plastic 
disposable syringes. A sample of 6 ml of blood was collected, and immediately 
one ml of blood was transferred to capped test tubes containing tri -potassium 
ethylene diamine tetra-acetate (EDTA) as anticoagulant for blood analysis.       
1 ml of blood was kept in test tube containing sodium fluoride and after 
centrifugation the plasma sample was used for glucose determination. The rest 
of the blood sample was allowed to stay for 4–5 hours at room temperature and 
then centrifuged (Gallenkamp Junior centrifuge) at 300 r.p.m. for 15 min. 
Haemolysis-free serum was separated and transferred to clean plastic vials and 
immediately frozen at –20°C for subsequent analysis. 
 
 
 
2.6.2 Haemogram 
        The parameters of haemogram were determind according to the 
methods described in Clinical Laboratory Methods and Diagnosis 
(Frankel et al., 1963) Schalm’s Veterinary Haematology (Jain, 1986).  
2.6.2.1 Packed cell volume (PCV) 
            The PCV of erythrocytes, expressed as a percentage of whole 
blood was determined (in duplicate) using a microhaematocrit 
centrifuge and reader (Hettich, Tuttlingen, Germany). 
2.6.2.2 Haemoglobin concentration (Hb) 
          Hb concentration was determined by thecyano-methaemoglobin 
method as described by Baker and Silverton (1985). Ferrous ions of 
Hb are oxidized to the ferric state by potassium ferricyanide to form 
methaemoglobin, which reacts with cyanide to form cyanome-
thaemoglobin that can be measured colorimetrically.  
2.6.2.3 Total Erythrocyte count (TEC) 
The Thoma red cell diluting pipette method was used for 
erythrocyte count using Gower's solution as a dilution fluid, using 
Improved Neubauer haemocytometer. 
2.6.3 Plasma and serum metabolites 
2.6.3.1 Plasma glucose level     
        The Plasma glucose level was determined by the enzymatic 
colorimetric method using a Kit (Randox Laboratory Ltd-London). In the 
presence of glucose oxidase, the aldehyde group of glucose is oxidized to 
gluconic acid. Hydrogen peroxidase which is formed in this reaction is 
broken down in the presence of the peroxidase enzyme to water and 
oxygen. Oxygen is then transferred to the acceptor phenol which reacts 
with 4-aminophenazone to give a coloured compound, the intensity of 
which is proportional to the glucose concentration. 
2.6.3.2 Serum total protein 
Biuret reagent was used to determine serum total protein 
concentration as described by King and Wooton (1965). The method is 
based on the fact that copper in alkaline solution reacts with the peptide 
bonds in protein producing violet colour. Buiret:  NH2- CO- NH- CONH2 
one copper atom complexes with 4 molecules of Buiret, the linkage being 
to the central nitrogen atom, the shade of colour being different for 
different proteins. 
2.6.3.3 Serum albumin  
The colorimetric method of Bartholomew and Delaney (1966) was 
used to determine the serum albumin concentration. 
The principle of the method is based on the binding of 
Bromocresol green (BCG) reagent with albumin which gives a green 
colour at low pH (3.8-5.0). 
2.6.3.4 Serum urea 
Urea concentration was determined by the enzymatic –colorimetric 
test (Berthot) using a kit (Spinreact, S.A., Spain). Urea is hydrolyzed into 
ammonia and CO2 in the presence of urease, the ammonia is then 
measured calorimetrically.                      
                           Urease 
Urea + H2O                              (NH4 +)2+ CO2    
2.6.3.5 Serum creatinine  
         The creatinine levels in plasma and urine were measured 
according to the methods described by Haechel (1980). 
2.6.3.6 Measurement of GFR by renal clearance  
        The endogenous creatinine clearance involves as a measurement of 
GFR. This measurements needs serum and urine creatinine 
concentration, complete evacuation of the bladder and collection of 24 
hrs urine volume. The following calculation was used to compute the 
endogenous creatinine clearance: 
Creatinine clearance (ml/min) = urine creatinine (mg/dl) x urine volume 
(ml/24 hrs) / serum creatinine (mg/dl) x 1440 / body weight (kg). 
2.6.3.7 Serum cortisol  
         The cortisol concentration was determined using Elisa Enzyme 
Linked Immunosorbent Assay (KIT), Microwell Method. Cortisol 
(antigen) in the sample competes with horseradish peroxidase-cortisol 
(enzyme-labeled antigen) for binding onto the limited number of anti-
cortisol (antibody) sites on the microplates (solid phase). After 
incubation the bound/free separation is performed by a simple solid-
phase washing. The substrate solution B (H2O2) and the substrate 
solution A (TMB) are added after an appropriate time has elapsed for 
maximum colour development, the enzyme is stopped, and the 
absorbances are determined. Cortisol concentration in the sample is 
calculated based on a series of calibrators. The colour intensity is 
inversely proportional to the cortisol concentration in the sample.  
2.6.3.8 Serum sodium (Na) 
        The concentration of Na in serum was determined by flame 
photometer technique as described by Wooton (1974). A volume of 0.1 
ml of serum was diluted with 9.9 ml of distilled and deionized water in a 
test tube. The zero reading was adjusted by distilled and deionized water 
and the high standard adjusted to the upper setting of 100 using the 
working standard solution. Then the standard and sample were measured 
using flame photometer.  
2.6.3.9 Serum potassium (K) 
        The concentration of Na in serum was determined by flame 
photometer technique as described by Wooton (1974). ). A volume of 0.1 
ml of serum was diluted with 9.9 ml of distilled and deionized water in a 
test tube. The zero reading was adjusted by distilled and deionized water 
and the high standard adjusted to the upper setting of 100 using the 
working standard solution. Then the standard and sample were measured 
using flame photometer.  
2.6.3.10 Serum osmolality  
Osmolality was determined by freezing point depression utilizing 
an osmometer (Osmometer 030, Gonotec Gmb H, Berlin, Germany). 
2.7 Urine analysis  
2.7.1 Collection of urine samples 
       Twenty hours urine volume was collected for each animal using 
the metabolic cage.  10 ml of concentrated hydrochloric acid were added 
to each bottle (which fitted beneath the cage) as preservative. Total urine 
volume was measured. About 10 ml of urine was kept frozen at –20°C 
for subsequent analysis.  
2.7.2 Urine parameters 
        The urine parameters which included urea, Na, and K were analyzed 
according to the techniques used for measurements of these parameters in 
serum samples. 
 2.8 Morphological and histological investigations 
         The volume of each kidney was determined by water displace-
ment (Scherle, 1970) using measuring cylinder. The weight of each 
kidney was obtained using an electronic digital balance. 
           The methods described by Bancroft and Steven, (1990) were 
used in histological investigations. For histological examinations, 
tissue samples were obtained from the kidney of goats. The samples 
were immediately fixed in 10% formal saline. The fixed samples were 
processed in paraffin using an automatic tissue processor (Elliot tissue 
processor, London). The sections were cut and stained with 
Haematoxylene and Eosin.    
          The relative thickness of medulla was calculated as follows: 
relative medullary thickness = mean thickness of the medulla x 10 ÷ 
cube root of kidney volume. (Sperber, 1944). The diameter of 
glomeruli and tubules was measured using micrometer. 
2.9 Ultrasonographic measurements  
The techniques of ultrasonography was used for the imaging of the 
kidney.Animals were fasted for 14 hrs prior to the scanning to avoid 
accumulation of gases in the gastrointestinal tract, which may interrupt 
the scanning of the kidney. The lumbocostal area of scanning was 
clipped and shaved carefully. Animals were layed in lateral recumbency 
on flat table without sedation and they were well restrained. 
 The length, width, and depth of the kidney were measured, as well 
as cortex and medulla were measured, using Sonographic scanner 
(Fukuda, Us-4100). The volume of each kidney was calculated using 
Ellipsoid formula, volume =length x width x thickness x 0.5236 
(Sampaio, 1995).  
2.10 Nephrectomy   
 Nephrectomy of the left kidney was carried out under general 
anaesthesia. The animals were premedicated with zylazine at a dose rate 
of 0.05 mg/kg and anesthesia was then induced after 5 minutes using a 
rapid intravenous injection of ketamine at a dose rate of 4mg/kg. A 
vertical laparatomy incision was made in the paralumbar region at the 
level of the 2nd (3rd) lumbar transverse process to the 5th (6th) lumbar 
transverse process. The parietal peritoneum over the kidney was carefully 
incised, and the retroperitoneal fat surrounding the kidney was bluntly 
cleared. The renal vein and the renal artery were individually doubly 
ligated in the same manner. The kidney was removed by blunt sharp 
dissection. The laparotmny incision was closed in a standard fashion 
(Oehrue 1988).  
2.11 General experimental plan 
            The studies were carried out to investigate the effects of some 
dietary factors and nephrectomy on blood constituents, renal function and 
kidney changes of Nubian goats. The general experimental plan is 
outlined in Table 1. The details of the experimental procedure are 
presented in specific chapters. Experiments have been designed and 
conducted to investigate the physiological effects of salinity, dehydration 
and rehydration, dietary protein levels, the effects of unilateral 
nephrectomy and the responses to salinity and dehydration of 
nephrectomized Nubian goats were evaluwated. In all experiments, the 
animals were kept in individual metabolic cages.  
2.12 Statistical analysis 
         The experimental data obtained were subjected to standard methods 
of statistical analysis. The statistical analysis was performed using 
Statistical Analysis System (SAS, 1996). The analysis of variance 
(ANOVA test) was used to evaluate the data that was obtained in all 
experiments.   
 
  
 
 
 
 
 
 
 
 
 
 
 
Table 2.1. General experimental plan. 
Exp. 
No. Treatment 
Experi-
mental 
period  
Number 
of 
animals 
Parameters 
1 
Effect of salt load (1.5% NaCl) 
on blood constituents and renal 
function 
6 weeks 6 
Food intake, water intake, body 
weight(BW.), rectal temperature 
(Tr), urine volume, GFR, blood 
and urine constituents . 
2 
Effect of dehydration and 
rehydration on blood 
constituents and renal function 
10 days 8 
Food intake, water intake, body 
weight(BW.), rectal temperature 
(Tr), urine volume, GFR, blood 
and urine constituents  
3 Effect of protein levels  on blood constituents and renal function 8 weeks 6 
Food intake, water intake, body 
weight(BW.), rectal temperature 
(Tr), urine volume, GFR, blood 
and urine constituents 
4 
Effect of unilateral nephrectomy 
on blood constituents, renal 
function and kidney morphology 
and histology 
9 weeks 10 
Food intake, water intake, body 
weight(BW.), rectal temperature 
(Tr), urine volume, GFR, blood, 
urine constituents kidney 
morphology and histology 
5 
Effect of salt load (tap water, 
0.4, 0.9 and 1.5% NaCl) on 
blood constituents and  renal 
function , of nephrectomized 
animals 
4 weeks 8 
Food intake, water intake,  body 
weight (BW.), rectal temperature 
(Tr), urine volume, GFR, blood, 
urine constituents 
6 
Effect dehydration, rehydration 
on blood constituents  and renal 
function of nephrectomized 
animals 
8 days 8 
Food intake, water intake body 
weight (BW.), rectal temperature 
(Tr), urine volume, GFR, blood , 
urine constituents 
 
 
 
 
 
 
 
 
 
 
 
CHAPTER THREE 
THE EFFECT OF SALINITY OF DRINKING WATER 
  ON BLOOD CONSTITUENTS AND RENAL  
FUNCTION IN NUBIAN GOATS 
 
3.1 Introduction                             
The precise regulation of the volume and osmolality of body fluids 
is fundamental to survival of mammals. Sodium chloride (NaCl) 
represents an important constituent of the extracellular compartment and 
it is the major determinant of the plasma osmolality as well as extra-
cellular fluid volume (Antunes-Rodrigues et al., 2004). All animals 
maintain plasma osmolality and extracellular volume primarily by 
regulating the ingestion and urinary excretion of water and electrolytes. 
The sources of drinking water in semi-arid areas contain high 
concentrations of salts with NaCl as the main constituent (Gihad et al., 
1993). McGregor (2004) reported that goats can tolerate water with high 
salinity levels but they need to be adapted to saline water. The length of 
time required for goats to adapt to water of high salt content is not 
known. Eltayeb (2006) studied the effect of drinking saline water on 
Nubian goats, he found that water intake by treated groups was higher 
compared to respective control group values and the increase in NaCl 
concentration from 0.8 to 1.6% NaCl in drinking water increased water 
consumption by the goats but at 2% NaCl, water intake decreased. The 
high concentrations of NaCl (1.6 and 2%) in the drinking water 
decreased food intake of the goats. The mean body weight was lower in 
the group receiving 1.6% NaCl compared to control group. Packed cell 
volume may be affected by drinking saline water. Eltayeb (2006) 
reported significant decrease in packed cell volume for groups receiving 
1.2 and 1.6% NaCl in drinking water compared to respective groups 
offered tap water, while Meintjes and Engelbrecht (2004) found no 
change in haematocrit when sheep received high concentration of NaCl 
in drinking water. 
Meintjes and Engelbrecht (2004) concluded that in sheep receiving 
high concentrations of NaCl, plasma Na and urea concentrations 
significantly decreased, while plasma K concentration increased and total 
protein remained unchanged, suggesting that there was neither haemo-
concentration nor haemodilution with the change to saline water. 
Abou Husien et al. (1994) concluded that drinking saline water in 
goats was accompanied by increase in urinary output of Na and Cl and 
decrease in urinary K. Goats excreted more urine and increased the 
filtration rate to reduce the high salt load. In feral goats, drinking 
seawater was also associated with an increase in urine volume (Burke 
1990). Godwin and Williams (1986) and Meintjes and Engelbrecht 
(2004) reported that drinking saline water in goats increased the GFR and 
urea excretion. In contrast, Abou Husien et al. (1994) pointed out that 
there was no effect of drinking saline water on urine urea concentration. 
Potter (1963) reported that when sheep drank saline water for prolonged 
period, had increased GFR to excrete the excess salt. Ntshotsho et al. 
(2004) studied the effect of different levels of saline water (distilled 
water, 0.9% NaCl, and 1.5% NaCl) on 2 southern African Mastomys 
species, they found that salinity increased urine volume and decreased 
osmolality.  
 The information reported in the review of literature indicates the 
impact of salinity of drinking water on the general physiological 
responses of mammals. However, little is available regarding the effect 
on renal function of goats. The present study was performed to 
investigate the effects of fixed concentration of NaCl (1.5%) in drinking 
water (for 6 weeks) on blood constituents and renal function of Nubian 
goats. 
3.2 Experimental plan 
             A total number of six female Nubian goats were used in this 
experiment. The animals were divided into two equal groups of 3 each, 
control and treated. Each animal was given one kg of dry Lucerne. The 
control group was offered tap water. Animals in treated group were 
offered tap water in which sufficient NaCl had been dissolved to give a 
concentration of 1.5 % during 6 weeks. The amount of feed and water 
consumed were measured every morning before fresh feed and water 
were offered. Rectal temperature (Tr) was measured twice per day at 
8:00 and 14:00. Total urine volume was measured daily (24 hr). The 
body weights (BW) of the goats were measured every week at 8:00 a.m. 
Blood and urine samples were taken twice per week. PCV, plasma 
glucose level and serum concentrations of total protein, albumin, 
creatinine, serum and urine, urea, Na, and K as well as GFR were 
determined. The prevailing climatic conditions during the experiment are 
shown in Table 3.1.  
  
 
 
 
Table 3.1. The ambient temperature (ºC) and relative humidity (%) a 
Shambat during the experimental period 
 
Ambient temperature 
Week 
Minimum Maximum Average  
Relative 
humidity 
1 20.1 42.7 31.4 16.0 
2 21.3 43.8 32.6 17.0 
3 22.3 44.1 33.2 17.0 
4 23.3 44.1 33.7 18.0 
5 27.3 43.2 37.3 23.0 
6 28.0 42.4 35.2 26.0 
 
 
 
 
 
 
 
 
 
3.3 Results 
3.3.1 Effects of drinking saline water on water consumption, food 
intake, body weight, and rectal temperature 
The results of the effects of drinking saline water on water 
consumption, food intake, body weight, and rectal temperature are shown 
in Table 3.2  
3.3.1.1 Water consumption 
 There was pronounced and significant (P< 0.05)  increase in water 
consumption of treated animals compared to control animals.  
3.3.1.2 Food intake  
There was a highly significant (P< 0.01) decrease in food 
consumption of treated group during the course of the experiment 
compared to control group.  
3.3. 1.3 Body weight (BW) 
 There was no marked difference in the BW between the animals. 
However, the difference between the two groups was significant 
(P<0.05) in the 4th week of the experimental period.   
3.3.1.4 Rectal temperature (Tr) 
 The results indicate that there were no significant changes in Tr. 
However, both groups of animals tended to maintain higher body 
temperature at 2.00 p.m. compared to values measured at 8:00 a.m. 
 
 
 
Table 3.2. Effects of drinking saline water (1.5% NaCl) on water consumption, food intake, rectal temperature 
(Tr) and body weight (BW) 
Means bearing different superscripts are significantly different 
 
* P< 0.05 
* * P< 0.01 
NS not significant. 
 
 
Weeks   
6 5 4 3 2 1   
120.51±18.22 a 
187.24±45.16a 
NS 
131.01±12.09 a 
194.55±40.77a 
* 
139.00±12.09 a 
225.27 ±135.60 a 
** 
133.15 ±17.59a 
198.42±23.11 a 
* 
107.68  ±5.00 a 
196.79±33.28 a 
* 
132.53 ±4.12 a 
181.93±40.59 a 
NS 
Control 
Treated 
 
Water consumption 
(ml/kg/day) 
LS 
46.02±2.29 a 
35.80±2.42 b 
** 
43.72±2.24 a 
34.35±2.38 b 
** 
44.38±2.62a 
32.35±1.19 b 
** 
38.46±1.53 a 
29.96±1.31 b 
** 
39.54±1.54 a 
28.78± 2.99b 
** 
38.51± 1.62 a 
29.41± 2.33 b 
** 
Control 
Treated 
 
Food intake  
(g/kg/day) 
LS 
37.80±0.10 a 
37.83±0.39 a 
NS  
38.27 ±0.09 a 
38.20 ±0.15 a 
NS  
38.43±0.09 a 
37.83±0.26 a 
NS  
38.53 ±0.12 a 
38.60 ±0.10a 
NS  
38.56±0.14a 
38.4 3±0.3 a 
NS  
38.73 ±0.01 a 
38.77±0.09 a 
NS  
Control 
Treated 
  
Tr (ºC) 8:00 a.m 
 
LS 
38.80±0.06 a 
38.83±0.15 a 
NS  
39.97±0.03 a 
38.93±0.06 a 
NS  
39.13±0.03 a 
38.70±0.15 a 
NS  
39.06±0.11 a 
39.13±0.09 a 
NS  
a39.3 0±0.17 a 
a39.30 ±0.4  a 
NS 
39.23 ±0.07 a 
39.60 ±0.25a 
NS  
Control 
Treated 
Tr (ºC) 2:00 p.m. 
 
LS    
a22.66±1.74 a 
a19.93±0.64 a 
NS 
22.90±1.3 0a 
19.50±0.76 a 
NS  
23.00±1.30 a 
18.67±0.60 b 
*  
22.53±1.43 a 
19.17±1.24 a 
NS  
22.00±1.73 a 
18.00±1.15 a 
NS  
22.33±1.45 a 
19.23±1.13 a 
NS  
Control 
Treated 
BW(kg) 
 
LS  
 
3.3.2 Effects of drinking saline water on blood constituents 
The results of the effects of drinking saline water on blood 
constituents are shown in Table 3.3 
3.3.2.1 Packed cell volume (PCV) 
 The results shows that the values of PCV of treated group tended 
to decrease from the first week of the experiment until it reached the  
lowest value in the 4th week, thereafter it  increased slightly, so that there  
was a significant (P< 0.01) difference between the control and treated 
groups in the last weeks. 
3.3.2.2 Serum total protein and albumin   
 The results indicate that there were no significant changes in either 
of the two parameters during the course of the experiment. 
3.3.2.3 Serum urea 
There was a decrease in urea level of the treated animals compared 
to control group. The difference between the two groups was significant 
(P< 0.05) in the last week of the experiment. 
3.3.2.4 Serum creatinine  
The results show that there was increase in serum creatinine 
concentration of the treated group compared to control group, and it 
attained level of significance (P< 0.05) in the last two weeks. 
3.3.2.5 Plasma glucose 
 There was a slight decrease in the glucose level of treated group 
during the experimental period, but there was no significant difference 
between the two groups. 
Table  3.3. Effects of drinking saline water (1.5% NaCL) on blood constituents 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Means bearing different superscripts are significantly different. 
LS: Level of significance   
* P< 0.05  * * P< 0.01     
Weeks  
6  5  4  3  2 1 
  
27.67±2.33a 
22.33±1.45b  
*  
26.00±1.00a 
19.67±0.88b  
**  
26.00±1.53  
19.33±1.2b 
*  
25.33±0.67a 
21.67±2.40a 
NS   
25.00±0.33 a 
24.33±2.33 a 
NS  
26.33±0.33 a 
24.50±0.58  a 
NS  
Control 
Treated 
  
PCV(%) 
 
LS 
6.87±0.20 a 
6.50±0.20 a 
NS  
6.80±0.10 a 
6.67±0.03  a 
NS  
6.40±0.15 a 
6.53±0.27a 
NS 
6.23±0.19 a 
6.03±0.03 a 
NS  
6.67±0.36 
6.53±0.03 a 
NS  
6.50±0.36 a 
6.30±0.17 a 
NS  
Control 
Treated 
  
Total 
protein(g/dl) 
LS  
3.33±0.38 a 
2.63±0.48 a 
NS  
3.53±0.26 a 
3.30±0. 16a 
NS  
3.63±0.04 a 
3.23±0.12 a 
NS  
3.53±0.17 a 
3.37±0.09 a 
NS  
3.37±0.09 a 
3.43±0.09 a 
NS  
3.33 ±0.03 a 
3.17±01.2 a 
NS  
Control 
Treated 
  
Albumin 
(g/dl) 
LS  
38.00±0.58 a 
27.33±1.20 b 
*  
35.66±1.67 a 
27.33±3.53 a 
NS  
34.67±1.6a 
26.00±3.0a 
NS  
32.67±2.02a 
27.33±1.20 a 
NS  
34.7±1.5 a 
32.66±4.63 a 
NS  
33.33±1.33.. a 
32.67±3.38 a 
NS  
Control 
Treated 
  
Urea(mg/dl) 
 
LS 
0.90±0.00 b 
1.10 ±0.00 a 
*  
0.93±0.08 a 
1.00±0.06  a 
NS  
1.00±0.06 a 
1.10±0.00 a 
NS  
1.00±0.03 a 
1.10±0.03a 
NS  
0.97±0.06 a 
1.07±0.03 a 
NS  
0.93±0.03a 
0.97±0.06  a 
NS 
Control 
Treated 
 
Creatinine 
(mg/dl) 
         LS 
66.63±4.50 a 
56.40±3.38 a 
NS  
67.07±0.57 a 
59.40±3.70 a 
NS  
65.87±1.8a 
53.90±22b 
*  
62.83±2.57 a 
55.90±0.90 a 
NS  
66.63±4.50 a 
61.53 ±2.22 a 
NS  
62.80±5.10a 
56.80±0.90 a 
NS 
Control 
Treated 
  
Glucose 
(mg/dl) 
LS 
114.00±1.15 a 
115.37±0.33a 
NS  
115.33±1.20 a 
115.67±0.88 a 
NS  
114.00±1.0 a 
116.67 ±0.66a 
NS  
114.67 ±0.88 a 
118.3±0.88 a 
NS  
115.66±.88 a 
120.67±1.86 a 
NS  
114.00 ±1.73 a 
122.00±3.51 a 
NS  
Control 
Treated 
  
Na(mEq/L) 
 
LS  
a3.37±0.12 a 
a3.60±0.06 a 
NS  
3.40±0.12  a 
3.53±0.12 a 
NS  
3.37±0.13 a 
3.60±0.07 a 
NS  
3.37±0.09 a 
3.37±0.07 a 
NS  
3.33±0.03 a 
3.43±0.03 a 
NS  
3.23±0.09 a 
3.40±0.06 a 
NS  
Control 
Treated 
  
K 
(mEq/L) 
LS  
3.3.2.6 Serum Na and K 
The results show that there were no significant differences 
between the two groups throughout the experimental period 
3.3.3 Effects of drinking saline water on urine volume, GFR, urine 
Na, K, and urea 
The results of the effects of drinking saline water on urine volume, 
GFR, urine Na, K, and urea are shown in Table 3.4 
3.3.3.1 Urine volume  
 The results show that there was marked increase in total urine 
volume with saline drinking and the difference between the two groups 
was significant in weeks 1, 2 and 3 (P< 0.01) and week 4 (P< 0.05). 
3.3.3.2 Glomerular filtration rate (GFR) 
There was significant increase in the GFR of the treated animals 
compared to control animals in weeks 1, 2, 3 and 4 (P< 0.01) and in week 
5 (P< 0.05).  
3.3.3.3 Urine Na  
The results show that urine Na concentration of treated group was 
higher than that of control group and there was a significant (P< 0.05)   
difference between the two groups in weeks 1, 2 and 3. 
3.3.3.4 Urine K  
 There was a significant (p< 0.05) difference in urine K 
concentration values between control and treated animals. The lower 
values were obtained for treated group compared to the control group. 
 
Table 3.4.  Effects of drinking saline water  (1.5% NaCL) on urine  volume, GFR,  urine concentration of  
Na, K, and urea 
Means bearing different superscripts are significantly different 
   LS: Level of significance 
     * P< 0.05 
    * * P< 0.01 
   NS: not significant 
Weeks  
6  5  4  3  2 1 
  
0.74±0.03 a 
1.97±0.75a       
NS         
0.71±0.04 a 
1.93±0.68 a 
NS 
0.73±0.07 a 
2.30±0.60 b 
* 
0.66±0.04 a 
2.07±0.32 b 
** 
0.64 ±0.02 a 
1.57±0.21b 
** 
0.63 ±0.06 a 
1.70 ±0.26 b 
** 
Control 
Treated 
 
Urine 
volume(l/day) 
LS 
1.10±0.10a 
2.80±0.85 a 
NS 
1.10±0.06b 
3.83±0.48a 
* 
1.13±0.06b 
3.90±0.90a 
** 
1.07±0.03b 
3.33±0.45a 
** 
1.20±0.06b        
3.10±0.31 a          
**             
1.07±0.07b          
3.00±0.38a            
**  
Control 
Treated 
GFR/KG(ml/mi) 
 
LS 
              
725.67±79.66 a 
963.33±115.44 a 
NS  
673.67±51.66 a 
777.33±89.78 a 
NS  
555.00±93.52 b 
1036.67±159.11 a 
*  
693.00±45.21 b 
1328.00±86.20 a 
*              
689.33±63.5 b 
1347.67±179.60 
a 
* 
780.67±92.68a 
1016.33±133.70 a 
NS  
Control 
Treated 
Na (mEq/L)   
 
LS  
213.63±25.40 a 
104.66±6.17 b 
*  
207.66±40.54 a 
119.00±22.59 a 
NS  
277.00±65.95 a 
180.67±54.70 a 
NS  
333.00±44.33 a 
185.77±24.21 b 
*  
314.00±63.89 a 
145.34±16.45b 
*  
309.00±24.00a 
135.23±16.45 b 
*  
Control 
Treated 
  
K (mEq/L) 
LS 
102.33±21.31 a 
109.00±9.53 a 
NS  
147.00±6.55a 
117.67±9.61 a 
NS  
45.66±2.85 a 
103.33±26.67 a 
NS  
33.00±5.10 a 
13.67±2.43 a 
NS  
61.33±7.75  a 
12.00±2.61 b 
*  
144.66±3.18 a 
14.40±3.4b 
** 
Control 
Treated 
  
Urea (mg/dl) 
 
LS 
        
          
3.3.3.5 Urine urea 
 The results show that there was a significant (p< 0.01) decrease in 
urea concentration with saline drinking from the first week until the 4th 
week, thereafter it tended to increase. 
3.4 Discussion  
           The present study evaluated the effect of drinking saline water on 
blood constituents and renal function of Nubian goats. 
The results indicate that the water consumption (ml/kg/day) by 
treated groups was significantly higher than the values of control group 
during the experimental period (Table 3.2). This increase is presumably 
related to stimulation of the hypothalamic region, which is affected by 
Na concentration in the extracellular fluid and the plasma osmolality. 
Houpt (2004) indicated that when hypertonic NaCl solution is 
administered intravenously in sheep, water will begin to shift into the 
plasma and increased osmolality of the extracellular fluid (ECF) would 
cause cellular dehydration. Thornton et al. (1985) reported that 
intracarotid infusion of hypertonic solutions in conscious goats produced 
a significant increase in osmolality and increase in sodium concentration 
of the cerebrospinal fluid and increase in blood osmolality followed by 
increase in water intake.  
Drinking saline water by goats resulted in a significant decrease in 
food intake (Table 3.2). This decrease may be attributed to the effect of 
saline water on the rumen microflora and saliva secretion. Feed intake 
during a meal can be limited by the rise in osmolality of ruminal fluid, 
which is sensed in the wall of the rumino-reticulum (Phillips et al., 
1981).  Wilson (1966) reported that the food intake of sheep declined at 
the higher concentrations of NaCl (10-20% in food, 1.5-2.0% in water). 
Phillips et al. (1981) observed a linear decrease in food intake associated 
with an increase in the osmolality of ruminal fluid as a result of ruminal 
infusions of NaCl solutions. Eltayeb (2006) reported that high 
concentrations of NaCl (1.6 and 2%) in the drinking water resulted in a 
significant decrease in food intake of goats. 
The results of the present study indicate that there was no 
significant effects in body weight (BW) related to drinking saline water 
(Table 3.2). El Gawad (1997) found that the body weight was not 
affected in the goats offered moderate saline of well water (0.8 % TSS) 
for 6 weeks. Wilson (1966) reported that a concentration of 1% NaCl in 
the drinking water had no adverse effects on the BW of sheep.  
The PCV of treated group tended to decline from the first week of 
the experiment until it reached its lowest value in the 4th week, and then it 
began slightly to increase (Table 3.3). The observed decline in PCV may 
be attributed to haemodilution, which occurred as a result of the increase 
in water consumption (Table 3.3). Reece (2004) indicated that the plasma 
osmolality is maintained within narrow limits by appropriate adjustments 
of water intake and excretion. These adjustments are governed by centres 
in the hypothalamus that influence both secretion of ADH (water 
excretion) and thirst (water intake). Also this decline may be attributed to 
the decrease in food intake by the treated group (Table 3.2). Eltayeb 
(2006) reported marked decrease in the PCV for groups of goats 
receiving 1.2 and 1.6% NaCl in drinking water compared to control 
group. 
The serum concentrations of total protein and albumin were not 
significantly affected by salinity of drinking water (Table 3.3). This 
result could be related to the fact that the haemodilution that occurred as 
a result of increased water consumption by the goats has been 
counterbalanced by the effect of haemoconcentration that resulted from 
increase in evaporative water loss. Meintjes and Engelbrecht (2004) 
indicated that total protein was not affected by high salt load, suggesting 
that there was neither haemoconcentration nor haemodilution in response 
to saline water drinking.  
There was a decrease in serum urea level of the treated group 
(Table 3.3) the decrease in the serum urea concentration of saline water 
drinking group could be related to the reported decrease in food intake.  
Abou Husien et al. (1994) concluded that sheep and goats control salt 
load while drinking saline water by excreting more urine and increasing 
the GFR in order to reduce the high salt load resulting from high 
consumption of saline water. This had the effect of making as much urea 
available to nephron tubule, which leads to lower the concentration of 
urea in plasma (Meintjes and Engelbrecht, 2004). The present result is in 
agreement with findings reported by Godwin and Williams (1986), 
Meintjes, and Engelbrecht (2004) for sheep. 
There was a slight decrease in the level of glucose of treated group 
compared with control group (Table 3.3). This reduction in glucose level 
could be associated with the decrease in food intake by treated group. 
Assad and Elsherif (2002) reported that the decrease in plasma glucose 
level could be related to the fact that increase in salinity of drinking water 
was associated with decrease in food intake.  
Serum concentrations of Na and K were not significantly affected 
by salinity of drinking water (Table 3.3). This may be attributed to high 
level of GFR that enabled the kidneys of goats to increase excretion of 
NaCl to get rid of excess salts.  
The total urine volume (24 hr) excreted by goats which had been 
exposed to the salt load, was significantly higher than that of control 
group (Table 3.4). This large volume of urine voided per day 
corresponded to the increase in water intake by treated animals to get rid 
of excess salt through saline diuresis. The large water volume slightly 
decreased serum osmolality, increased extracellular fluid, decreased 
ADH which decreased permeability for water, this leads to decrease urea 
recycling and decrease water reabsorption increasing urine flow.  
However, the increased osmolality due to drinking hypertonic saline 
causes decreased aldosterone secretion. Decreased aldosterone causes 
less sodium to be absorbed back into the blood and increases sodium 
excretion (Silverthorn, 2004). In order to maintain homeostasis, 
mammals may reduce the load of excess solutes and nitrogenous wastes 
by flushing them out in urine. This was observed in the experimental 
mice that responded to salt loading by sodium diuresis, with increased 
urine volume and total solute output (Ntshotsho et al., 2004). 
The results indicate highly significant increase in the GFR of the 
treated animals (Table 3.4). Abou Husien et al. (1994) concluded that 
sheep and goats control salt load while drinking saline water by excreting 
more urine and increasing the GFR in order to reduce the high salt load 
resulting from high consumption of saline water. Godwin and Williams 
(1986) found that in sheep GFR rose significantly once a level of 1500 
mM NaCl /day was infused intraruminally. 
There was a significant increase in urine Na concentration with salt 
loading (Table 3.4), especially in the second and third week of the 
experiment, then it tended to decrease there after. The increase that 
occurred may be related to increase in GFR and excretion of Na. This 
result is in agreement with the findings reported in studies by Potter 
(1968) who indicated that in sheep drinking saline water showed an 
increase in both GFR and excretion of Na, and with the findings of 
Godwin and Williams (1986). Meintjes and Engelbrecht (2004) reported 
that during the phases of salt loading, natriuresis was obligatory for 
homeostasis. There was also a need to excrete the excess water taken in 
when saline water was the only source of drinking water available. 
Accordingly, the fractional excretion of sodium rose significantly with 
increasing NaCl level (Sonnenburg, 1990). The decline that occurred in 
the rest of weeks may be attributed to adaptation of goats to salt loading. 
           Urine K level was significantly decreased in the treated goats 
(Table 3.4), compared to control goats level. This reduction may be due 
to K excretion of diluted urine induced by salt diuresis. 
The results of the present study indicate that drinking saline water 
resulted in a significant decrease in urine urea concentration of the 
treated animals in the first  week, the reduction continued until the forth  
week, then  the urea concentration tended to increase (Table 3.4). Abou 
Husien et al. (1994) concluded that sheep and goats control salt load 
while drinking saline water by excreting more urine and increasing the 
GFR in order to reduce the high salt load resulting from high 
consumption of saline water. The intraruminal infusion of NaCl in excess 
of 1250 mM/day in sheep with free access to drinking water resulted in a 
decline in renal urea loss (Godwin and Williams, 1986). 
3.5 Summary 
1. The effects of salt load (drinking saline water with 1.5% NaCl for 
6 weeks) on blood constituents and renal function of  Nubian goats 
were investigated. 
2. Saline water drinking resulted in a significant increase in water 
consumption. Also it significantly decrease food intake. 
3. There was no significant effect of salinity on rectal temperature in 
the morning (8:00) and the afternoon (14:00). 
4. There was no significant difference in the BW between the 
animals. However, the difference between the two groups was 
significant in the fourth week of the experiment. 
5. The packed cell volume (PCV) was significantly lower for the 
group receiving saline water compared to control group.The lowest 
value of PCV for treated groups was obtained during the last 3 
weeks of experimental period. 
6.  The serum total protein and albumin concentrations were not 
significantly affected by saline drinking during the experimental 
period. 
7. During the experimental period, the serum urea level was lower in 
the group receiving saline water compared to control group. Serum 
creatinine showed an increase in treated group that was significant 
in weeks 5 and 6. 
8. A slight decrease in the plasma glucose level of treated animals 
was observed during the experiment, but there was no significant 
difference between the two groups. 
9. There was no effect of alt load on serum Na and K throughout the 
experimental period.  
10. There was a marked increase in total urine volume in the treated 
animals compared to control animals and the difference between 
the two groups was highly significant. This was associated with a 
marked significant increase in the GFR of the treated animals 
compared to control.  
11. There was a significant decrease in urine Na level with receiving 
saline water in the first 4 weeks of experiment, but the level tended 
to increase in the last 2 weeks. 
12. There was a significant difference in urine K concentration 
between control and treated animals. The values of treated group 
were lower than that of control group. 
13. The impact of drinking saline water on urine urea concentration 
was significant in the first weeks. There was a decrease in urea 
concentration of the treated animals from week 1 to week 3, and 
then it tended to increase. 
 
 
CHAPTER FOUR 
EFFECTS OF STATE OF BODY HYDRATION 
ON BLOOD CONSTITUENTS AND RENAL 
FUNCTION OF NUBIAN GOATS 
 
4.1 Introduction                      
The desert environment is characterized by harsh conditions which 
constitute stressful situations to animals raised in such areas. Therefore, 
they have developed various adaptive mechanisms that enable them to 
survive under these conditions of heat and water stresses (Alamer, 2003). 
Goats have adopted several physiological mechanisms, which 
enable them to withstand periods of water lack (Devendra, 1987; 
Silanikove, 1994). Dehydrated black Bedouin goats have been shown to 
tolerate water loss for up to 40% of their body weights (Shkolnik et al., 
1980), which is considered fatal in other ruminant species such as cattle. 
Desert-adapted animals acquire high water economy, which is even 
enhanced during periods of water shortage. The ability of animals to 
withstand water shortage depends on their ability to minimize body water 
losses. When they were exposed to water deprivation, goats reduced their 
faecal water loss (El-nouty et al., 1990) by increasing the rate of water 
absorption from the lower parts of the gastrointestinal tract resulting in 
excretion of dry faeces. Also, they are known for their ability to reduce 
urine volume during dehydration periods which is of a major contribution 
to water conservation mechanism. This decrease in urine output is 
achieved by maintaining glomerular filtration rate below normohydration 
level (Khan et al., 1979).  
Water restriction can result in an improvement of the digestion of 
the low quality feed (Claude, 1992) and enhance nitrogen utilization in 
poorly nourished small ruminants (Musa and Elkhalifa, 1992). 
Digestibility and feed utilization were improved during dehydration, 
which is considered an adaptation for the reduction in feed intake usually 
accompanied with water deprivation. One of the adaptations to infrequent 
drinking in desert ruminants is their ability to store water that can be 
utilized during water lack periods. The rumen plays a major role in 
providing the major portion of the water lost during dehydration sessions 
(Silanikove, 1994). Therefore, the rumen acts as a water reservoir, which 
is more pronounced in desert species and breeds (Shkolnik et al., 1980). 
Following rehydration, the large amounts of the ingested water is stored 
in the rumen for several hours before being released slowly to the lower 
part of the gut, where it can be easily absorbed. However, the rumen is 
not only accommodates the water consumed following rehydration, but 
also regulates the absorption of water (Silanikove, 1994), Therefore, the 
water is prevented from entering the blood too rapidly and the vascular 
system is protected from sudden dilution and heamolysis (Choshniak and 
Shkolnik, 1977). 
 Abdelatif and Ahmed (1994) reported that water intake for desert 
sheep decreased with increasing the watering interval from 24 to 72h. 
Wilson (1989) noted that when water stress is imposed and animals 
become dehydrated, food intake is reduced whatever the temperature. In 
dehydrated animals, the changes, which occur in the blood constituents, 
are modulated mainly by haemoconcentration (Abdelatif, 1978). 
Dehydration in goats causes increase in packed cell volume (PCV) and 
haemoglobin (Hb) concentration (Ghosh et al,. 1983; Adogla-Bessa and 
Aganga, 2000), total protein and Na concentrations (Hossaini-Hilali       
et al., 1994) and urea (Aganga et al., 1988). 
The renal function of Bedouin goats (Maltz et al, 1984) and 
Merino sheep (Macfarlane et al., 1961) does not return to normal until 
two days after rehydration due to the slow uptake of water. The 
rehydrated goats like the camel, do have reduced ADH and increased 
aldosterone secretion (Maltz et al., 1984).  
This study was conducted to evaluate and assessed the effects of 
state of hydration on blood constituents and renal function of Nubian 
goats. 
4.2 Experimental plan 
Eight healthy adult female goats weighing 18-22 kg were used in 
this experiment. The animals were randomly divided into two equal 
groups, of four each, control and treated. 
During adaptation period (2 weeks), animals were kept in 
individual metabolic cages allowing collection of total urine volume. 
Each animal was given one kg of dry lucerne, and 6 litres of tap water 
every morning. The amount of food and water consumed were recorded 
every day before fresh food and water were offered. 
During the experimental period, the treated animals were exposed 
to dehydration for 3 days. At the end of the period, the animals were 
given 6 litres of water and allowed to drink to satisfaction and water 
consumed was measured.  
The experimental period was divided into three phases: Phase 1 
(euhydration): Pre-treatment where water and food was available ad 
libitum. Phase 2 (dehydration): the treated group goats were deprived of 
drinking water for three consecutive days, food, however, was offered as 
usual. Phase 3 (rehydration): at the end of the third day of the 
dehydration period (in the morning of the fourth day of the experiment) 
water was offered freely to the goats. This period lasted for 2 days. 
Blood and urine samples were taken initially and then every day 
during dehydration and the body weights of the animals were 
determined. After rehydration, the blood samples were taken after 4 
hours, and then for 2 days.  
The PCV, serum concentration of total protein, albumin, urea, 
creatinine, plasma glucose level, serum Na, K, osmolality, cortisol, and 
urine volume, GFR, Na, K, urea were determined. The prevailing 
climatic conditions during the experiment are shown in Table 4.1. 
4.3 Result 
4.3.1 Effects of dehydration and rehydration water consumption, 
food intake, body weight (BW) and rectal temperature (Tr)  
  The effects of experimental treatments on parameters investigated 
are shown in Table 4.2. 
 
 
 
 
 
Table 4.1. The ambient temperature (ºC) and relative humidity (%) a 
Shambat during the experimental period 
 
 
Ambient temperature 
Day 
Minimum Maximum Mean  
Relative 
humidity 
1 26.0 45.2 35,6 15.0 
2 28.0 42.9 35.5 23.0 
3 26.0 43.5 34.8 22.0 
4 27.0 37.3 32.2 42.0 
5 27.0 39.5 33.3 32.0 
6 28.0 43.2 35.6 25.0 
7 25.0 43.5 34.3 22.0 
8 29.0 43.0 36.3 21.0 
9 27.0 42.5 34.8 29.0 
10 28.0 43.0 35.5 24.0 
 
 
 
 
 
 
 
 
 
4.3.1.1 Water consumption  
There was no significant difference between groups during the 
euhydration period. At the end of the dehydration period, goats drank an 
average of 4.6 litres of water during the first 15 min. of rehydration. The 
mean ingested water volume accounted to about 31% of their dehydrated 
body weights. In the second day of rehydration the treated group 
maintained significant level of water consumption compared to the 
control.  
4.3.1.2 Food intake  
The daily food intake was significantly (P<0.01) decreased during 
dehydration. After rehydration, the food intake tended to rise, but the 
normal level of feeding was not attained 2 days following rehydration. 
4.3.1.3 Body weight (BW) 
The mean BW decreased significantly in the first (P<0.01) and 
second day and (P<0.001) in the third day in dehydrated group. At the 
end of the dehydration period, treated goats lost about 22.2% of the 
initial BW. However, they regained the BW loss after 4 hrs following 
watering. 
4.3.1.4 Rectal temperature (Tr) 
Water deprivation resulted in significant (P<0.05) increase in Tr in 
days 2 and 3. The Tr of treated group tended to decrease after 
rehydration.  
 
 
Table 4.2. Effect of dehydration and rehydration on  w ater consumption, food intake , body weight (BW) and 
rectal temperature (Tr) 
Dehydration Rehydration 
 Euhydration  
Day 1 Day 2 Day 3  4 hr Day 2 Day 3 
Water consumption 
(L/day) 
Control 
Treated
2.65±0.44a 
2.77±0.56a 
2.83±0.36 
- 
2.82±0.41 
- 
2.43±0.98 
- 
- 
4.6 
1.80±0.70a 
0.65±0.44b 
2.52±0.21a 
1.88±0.67a 
LS  NS - - - - * NS 
         
Food intake (kg/day) Control Treated
0.84±0.10a 
0.91±0.11a 
0.85±0.11a 
0.38±0.13b 
0.86±0.17a 
0.077±0.22b 
0.75±0.13a 
0.051±0.025b 
- 
- 
0.81±0.14a 
0.50±0.10b 
0.83±0.06a 
0.57±0.19b 
LS  NS ** *** *** - * * 
Body weight       
(kg) 
Control 
Treated
20.0±1.15a 
19.15±1.10a 
20.0±1.15a 
17.00±0.82b 
20.33±0.97a 
16.07±1.04b 
20.52±1.05a 
14.9±0.49b 
20.52±1.1a 
19.42±1.07a 
20.65±1.07a 
19.42±1.08a 
20.77±0.75a 
19.00±0.47a 
LS  NS ** ** *** NS NS - 
Tr(ºC)8:00a.m Control Treated
38.58±0.36a 
38.60±0.22a 
38.67±0.29a 
39.15±0.37a 
38.47±0.23b 
39.88±0.17a 
37.90±0.35b 
39.90±0.34a 
38.0±0.20a 
37.97±0.17a 
37.97±0.33a 
38.25±0.39a 
38.20±0.08a 
38.50±0.17a 
LS  NS NS * * NS NS NS 
Means bearing different superscripts are significantly different 
LS: Level of significance 
*P< 0.05 
**P< 0.01 
***p< 0.001 
NS: Not significant 
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4.3.2 Effects of dehydration and rehydration on blood constituents 
The results of the effects of treatments on blood constituents are 
shown in Tables 4.3 and 4.4. 
4.3.2.1 Packed cell volume (PCV)  
The PCV was significantly (P<0.05) increased in the first, 
(P<0.01) and in the second and third day (P<0.001) of water deprivation. 
After 4 hrs following drinking there was a significant (P<0.01) decrease 
in PCV value of rehydrated group, and a significant decrease (P<0.05) in 
day 2. Despite the steady decline in PCV, it was still above control levels 
and it regained the control group level after 2 days of rehydration. 
4.3.2.2 Serum total protein 
  Water deprivation resulted in a significant increase (P<0.05) in 
serum total protein in days 2 and 3. After 4 hrs of rehydration serum total 
protein level decreased significantly (P<0.05) and it returned to the 
control group level in the second day of rehydration. 
4.3.2.3 Serum albumin 
Serum albumin level increased significantly (P<0.05) in day 2 and 
3 in response to water deprivation. Then after rehydration it decreased 
significantly (P<0.05) and  it reached normal control level in the third 
day of rehydration.  
 4.3.2.4 Serum urea  
Serum urea increased progressively significantly (P<0.05) during 
water deprivation. The results indicate that urea level decreased after 4 
hrs of rehydration and it maintained pre-deprivation level in the second 
day of rehydration.  
 
Table 4.3. Effect of dehydration and rehydration on  PCV, serum total protein, albumin, urea., creatinine and  
plasma glucose.. 
Dehydration Rehydration 
 Euhydration 
Day 1 Day 2 Day 3 4 hr Day2 Day 3 
PCV (%) Control 24.25±0.50
a 24.75±0.50b 25.50±0.58b 25.75±0.96b 25.86±0.96-b 26.00±0.82b 25.25±1.70a 
 Treated 24.50±0.58a 26.75±0.90a 31.50±1.00a 39.00±0.82a 30.10±0.50a 29.00±0.73a 25.50±0.50a 
LS  NS * ** *** ** * NS 
Total protein (g/dL) Control 7.60±0.42a 733±0.66a 7.35±0.49b 7.10±0.55b 7.15±0.34b 7.10±0.58a 7.10±0.74a 
 Treated 7.00±0.22a 7.92±0.40a 8.97±0.91a 8.90±0.60a 7.85±0.31a 6.68±0.49a 7.20±0.52a 
LS  NS NS * * * NS NS 
Albumin (g/dL) Control 3.27±0.46a 3.48±0.34a 2.90±0.29b 3.00±0.26b 3.2-±0.37b 2.90±0.32b 3.15±0.31a 
 Treated 3.10±0.51a 3.50±0.33 3.62±0.70a 4.30±1.10a 3.90±0.53a 3.55±0.51a 3.21±0.21a 
LS  NS NS * * * * NS 
Urea (mg/dL) Control 28.00±3.10a 27.75±2.86a 26.5±2.18b 29.75±2.86b 27.25±3.19b 25.25±2.98a 24.50±3.74a 
 Treated 29.30±2.91a 36.00±2.13a 39.50±3.10a 40.50±3.80a 40.10±3.91a 26.25±3.84a 26.50±2.11a 
LS  NS NS * * * NS NS 
Creatinine (mg/dL) Control 0.630±0.17a 0.67±0.10a 0.60±0.10b 0.68±0.10b 0.70±0.10b 0.60±0.10a 0.68±0.11a 
 Treated 0.60±.0.14a 0.82±0.10a 0.93±0.17b 1.10±0.13a 0.90±0.12a 0.75±0.21a 0.67±0.21a 
LS  NS NS * * * NS NS 
Glucose (mg/dL) Control 70.50±3.41a 68.00±5.65a 70.0±4.32a 69.50±6.14a 71.50±5.74a 66.0±2.71a 62.74±5.73a 
 Treated 71.75±1.50a 67.00±6.83a 69.50±5.19a 68.25±4.27a 67.50±1.00a 61.00±4.54a 63.00±3.65a 
LS  NS NS NS NS NS NS NS 
Means bearing different superscripts are significantly different 
LS: Level of significance 
*P< 0.05 
**P< 0.01 
***P< 0.001       NS: Not significant  
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Table 4.4. Effect of dehydration and rehydration on  serum concentration of  Na, K, serum osmolality and  
serum  cortisol level. 
 
Dehydration Rehydration 
 Euhydration 
Day 1 Day 2 Day 3 4 hr Day 2 Day 3 
Na       (mEq/L) Control  
Treated 
133.25±2.87a 
129.75±3.42a 
135.00±3.55 a 
132.00±1.83 a 
135.00±3.6 a 5 
134.75±1.7 a 0 
133.5±1.73 a 
133.25±1.5 a 
129.50±4.60 a 
134.50±0.58 a 
133.25±1.71 a 
133.75±0.96 a 
128.5±2.35 a 
130.25±3.78 a 
LS  NS NS NS NS NS NS NS 
K 
(mEq/L) 
Control  
Treated 
3.12±0.32a 
3.25±0.17a 
3.77±0.74 a 
3.55±0.17 a 
3.52±0.60 a 
3.57±0.67 a 
3.4±0.37 a 
3.70±0.18 a 
3.15±0.13 a 
3.10±0.21 a 
3.38±0.33 a 
3.13±0.29 a 
3.20±0.21 a 
3.10±0.29  a 
LS  NS NS NS NS NS NS NS 
Osmolality 
(mOsmol/kg) 
Control  
Treated 
287.5±7.14a 
297.0±7.78a 
287.0±6.21b 
305.0±7.83a 
292.7±3.86b 
330.7±9.38a 
276.5±10.34b 
344.0±11.26a 
280.2±8.73b 
309.6±11.56a 
286.6±8.66 a 
289.2±9.78 a 
284.5±7.76a 
284.3±8.14 a 
LS  NS * ** ** * NS NS 
Cortisol(ng/ml) Control  
Treated 
472.86±13.7a 
469.83±12.4a 
231.46±24.3b 
469.1±40.5 a 
431.63±46.5a 
499.37±39.2 a 
382.23±52.2b 
476.6±28.67a 
333.73±93.2b 
466.1±17.2a 
382.67±47.8a 
428.83±100.9a 
287.03±205.b 
423.83±41.71a 
LS  NS * NS * * NS NS 
 
Means bearing different superscripts are significantly different 
LS: Level of significance 
*P< 0.05 
**P< 0.01 
NS: Not significant 
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4.3.2.5 Serum creatinine  
Serum creatinine showed a significant (P<0.05) increase in 
response to water deprivation. Allowing goats to drink at the end of 
dehydration period did not produce any significant changes in serum 
creatinine level during the first 4 hrs of rehydration. Two days of 
rehydration apparently was the time taken by goats to restore their serum 
creatinine concentration. 
4.3.2.6 Plasma glucose 
The results indicate that water deprivation and rehydration had no 
significant effect on plasma glucose level. 
4.3.2.7 Serum sodium (Na) and potassium (K) 
The serum concentrations of Na and K did not change significantly 
during dehydration and rehydration periods compared with respective 
control values. 
4.3.2.8 Serum osmolality  
Serum osmolality increased during water deprivation and exhibited 
a significant increase in day 1(P<0.05) and in day 2 and 3(P<0.01). After 
rehydration serum osmolality decreased significantly (P<0.01) and it 
recovered the normal level in the second day.  
4.3.2.9 Serum cortisol  
Serum cortisol showed inconsistent pattern in response to water 
deprivation, there was a significant (P<0.05) difference between control 
and treated groups in days 1 and 3 of dehydration and day 1 of 
rehydration.  
4.3.3 Effects of dehydration and rehydration on urine parameters  
The effects of treatments on urine parameters are shown in     
Table 4.5 
4.3.3.1 Urine volume 
The urine volume decreased significantly in the first day (P<0.05) 
and in the second and third day (P<0.01) of dehydration. Following 
rehydration the urine volume increased gradually until it restored the 
control value in the third day of rehydration.  
4.3.3.2 Glomerular filtration rate (GFR) 
GFR showed a gradual and significant decrease in the first day 
(P<0.05) and in the second and third day (P<0.01) of water deprivation. 
Allowing goats to drink at the end of dehydration period produced a 
gradual increase in GFR of treated group, until it maintained the control 
group value in the third day of rehydration. 
4.3.3.3 Urine sodium (Na) and potassium (K) 
No significant effect of water deprivation and rehydration on urine 
sodium (Na) and potassium (K) could be detected in goats under the 
present experimental conditions. 
4.3.3.4 Urine urea 
   Urine urea concentration increased significantly (P<0.05) during 
the second and third day of water deprivation. Following rehydration, 
urine urea tended to rise and it attained the control group value in the 
second day. 
 
Table 4.5. Effect of dehydration and rehydration on urine volume, GFR and urine concentration of Na, K and 
urea. 
Dehydration Rehydration 
 Euhydration 
Day 1 Day 2 Day 3 4 hr Day 2 Day 3 
Control 0.73±0.12a 0.78±0.12a 0.77±0.11a 0.75±0.20a 0.71±0.13a  0.76±0.13a  0.87±0.29a Urine volume 
(L/day) Treated 0.89±0.41a 0.56±0.10b 0.41±0.10b 0.31±0.09b 0.48±0.18a 0.62±0.15a 0.89±0.54a 
LS  NS * ** ** * NS NS 
Control 2.30±0.56a 2.38±0.25a 2.28±0.25a 2.25±0.45a 2.27±0.25a 2.20±0.36a 2.30±0.31a GFR 
(ml/min/kg) Treated 2.43±0.41a 1.77±0.17b 1.45±0.24b 1.40±0.31b 1.75±0.37a 2.20±0.20a 2.47±0.34a 
LS  NS * ** ** NS NS NS 
Control 121.25±21.72a 87.50±13.98a 98.50±19.26a 127.50±49.67a 129.25±52.67a 155.25±36.18a 199.50±34.60a Na (mEq/L) Treated 107.00±21.83a 112.00±22.04a 111.50±25.12a 111.25±28.43a 152.50±56.81a 189.75±47.76a 175.75±49.54a 
LS  NS NS NS NS NS NS NS 
Control 198.75±40.99a 216.50±29.24a 199.25±25.29a 138.00±24.73a 139.50±21.80a 171.00±31.33a 208.75±64.59a K (mEq/L) Treated 183.00±31.47a 243.00±28.00a 179.75±23.62a 159.25±13.28a 151.00±23.43 191.50±65.51a 200.50±47.87a 
LS  NS NS NS NS NS NS NS 
Control 1.48±0.15a 1.30±0.42a 0.72±0.25b 1.15±0.61b 1.13±0.22a 1.0±0.29a 1.20±0.31a Urea(g/dL) Treated 1.33±0.28a 1.20±0.36a 1.62±0.35a 1.78±0.22a 1.32±0.45a 1.27±0.44a 1.17±0.39a 
LS  NS NS * * NS NS NS 
Means bearing different superscripts are significantly different 
LS: Level of significance 
*P< 0.05 
**P< 0.01 
NS: Not significant 
61 
4.4 Discussion  
This experiment was designed to investigate the effects of state of 
hydration on blood constituents and renal function of Nubian goats. 
When goats were dehydrated to about 78% of their initial BW, they 
drank immediately a volume of water accounting to 31% of their 
dehydrated BW within 15 minutes of rehydration (Table 4.2). Alamer 
(2003) reported 23.5% account for volume of water drank immediately 
after the end of dehydration in local goats of Saudi Arabia dehydrated for 
3 days; El-nouty et al. (1990) reported (20%) in Aardi goats deprived of 
water for 4 days. However, the black Bedouin goats, which are known 
for their remarkable  capacity of rapid rehydration, were able to drink 
volume of water that amounted to 28-36% of their BW at the end of 
dehydration session (Choshniak et al., 1984; Maltz et al., 1984). The 
observed difference between breeds is likely to be related to the degree of 
dehydration, the capacity of the rumen to contain the ingested water and 
environmental temperature.  
The data reported in this study indicate that Nubian goats were 
capable of regaining their BW loss within 15 minutes of water 
restoration. Black Bedouin goats have been shown to be able to gulp up 
an amount of water that exceeded the losses in their BW (Maltz et al., 
1984). In addition, Dorper sheep were able to restore the entire of BW 
loss immediately following watering that terminated 4 days of 
dehydration (Degen and Kam, 1992), while Awassi sheep replenished 
only 52% of their BW loss, but needed 24 hours to restore the remainder 
(Laden et al., 1987).  
In the present study, during the first day of water deprivation, 
goats reduced their level of food intake by more than 60% and food 
intake continued to fall as deprivation advanced (Table 4.2). By the end 
of the third day, they were consuming an amount of food, not exceeding 
6.8% of control level. The fall in food intake during periods of water 
deprivation can be viewed as an adaptive measure employed by animals 
inhabiting desert and arid areas for conserving body water. The great 
extent of fall in food intake seen in this study may be attributed to great 
water conservation that was associated with digestion, water excretion in 
urine and faeces. Egyptian Baladi goats maintained a relatively higher 
level of feeding, when their food intake was 35% of the control level 
after three days of complete water deprivation (Hassan, 1989). Aardi 
goats were reported to almost cease feeding following only two days of 
water withholding during summer (El-nouty et al., 1990). Alamer (2003) 
reported that in local goats of Saudi Arabia three days of water 
deprivation resulted in 85% reduction on food intake. The decline in food 
intake during dehydration reported in the present study is in agreement 
with the findings of Engell (1988) in humans, Aganga (1992) in goats. 
Water deprivation significantly reduced BW of goats in the first 
day of deprivation and third day (Table 4.2) in which the BW loss was 
22.2%. Goats regained their initial BW values within the first day of 
rehydration. Loss of BW associated with water deprivation can be 
attributed to reduction in food and water intakes together with loss of 
total body water. Fluid loss from various body water compartments may 
account for most of the losses in body mass associated with water 
restriction. El-Hadi (1986) noted almost similar proportional losses of 
body weight and total body water in water deprived sheep and goats. 
Under moderate summer ambient temperature of Saudi Arabia, Aardi 
bucks were reported to lose an average of 18% of their body mass 
following four days of water withhold (El-nouty et al., 1990). However, 
black Bedouin goats, which are known for their great tolerance to water 
lack, were reported to lose 20% of their body weights within three days 
of total water deprivation under moderate summer conditions (Maltz et 
al., 1984).  
Under the present experimental conditions of water restriction, an 
increase in rectal temperature (Tr) was observed in the last day of water 
deprivation (Table 4.2). Water-deprived goats reduce their thermo-
regulatory evaporation and therefore allow their body temperature to be 
elevated presumably to enforce the water conservation mechanism. 
Evaporative cooling via cutaneous sweating is considered a major 
cooling avenue during heat stress for goats adapted to hot and arid areas 
(Devendra, 1987). Aardi goats also increased their body temperature by 
1.3 °C following four days of complete water deprivation during summer 
(El-nouty et al., 1990).  
The results obtained showed a steady and significant increase in 
PCV as water deprivation advanced (Table 4.3); it reached the highest 
level on the third day dehydration. Four hours following drinking there 
was a decrease in PCV level of rehydrated group. Despite the steady 
decline in PCV, it was still above control levels, which took about two 
days of rehydration to return to normal level. Abdelatif (1978) indicated 
that the changes which occur in the blood constituents in Desert sheep 
and Nubian goats are modulated mainly by haemoconcentration 
following dehydration. An increase in PCV following water deprivation 
was observed by Hassan (1989) in goats. It appears that water 
deprivation induced haemoconcentration, since blood as well as plasma 
volumes were reduced during water lack in goats and sheep (Maltz et al., 
1984; Ismail et al., 1996)   as a consequence of water loss in total body 
water (El-Hadi, 1986; Degen and Kam, 1992). Changes in plasma 
volume during dehydration can be assessed indirectly by utilizing the 
increase in PCV (Boyd, 1981). Increases in PCV and plasma osmolality 
are usually associated with reduced plasma volume in response to water 
restriction (El-Hadi, 1986). In addition, the rumen water volume was 
certainly reduced, and this presumably accounted for a major part of the 
total water loss. Use of gut water helps to attenuate the rise in blood 
plasma osmolality during dehydration (Silanikove and Tadmor 1989). 
In the current study, the increase in serum total protein and 
albumin levels during water deprivation (Table 4.3) is related mainly to 
haemoconcentration as mentioned before. Khan (1978) reported that 
when water was deprived from the Barmer goats for four days, the total 
plasma proteins, plasma globulins and albumin concentrations were 
increased. Alamer (2003) reported similar results in local goats of Saudi 
Arabia; he attributed the increase in total protein and albumin levels to 
water loss from the blood and haemoconcentration. 
Water deprivation induced a significant rise in serum level of urea 
in the present investigation (Table 4.3). Similar results were reported in 
goats and sheep (Laden et al., 1987; Abdelatif and Ahmed, 1994; Alamer 
2003). A decline in urinary total nitrogen and urea output was seen in 
connection with water deprivation (More, 1982; Musa et al., 1983; Brosh 
et al., 1987), which resulted in an increase in nitrogen retention. Short 
periods of water deprivation in goats and sheep can improve nitrogen 
balance (Silanikove, 2000) by increasing urea recycling and increase in 
transport of urea from blood to the rumen, particularly with low quality 
feeds (Musa et al., 1983). The decline in the rate of urea excretion 
associated with water restriction (Musa et al., 1983) is expected since a 
general reduction in GFR is evident in water-deprived sheep (Ghosh      
et al., 1976). This increase in urea level may be related partially to 
antidiuretic hormone (ADH). Olsson and Dahlborn (1989) reported that 
water deprivation increased ADH in goats and this would have opposed 
urea loss, as ADH promotes urea reabsorption (Meintjes and 
Engelbrecht, 2004). Also it could be associated with an increase in 
catabolism of body protein (Houpt, 2004).  
In the current study, as a result of water deprivation, serum 
creatinine increased significantly in dehydrated goats (74.6%) compared 
to control goats (Table 4.3).  Almost a similar rate of increase (80.6%) 
observed in local   goats of Saudi Arabia (Alamer, 2003) was also 
reported (88%) in Awassi sheep after five days of water deprivation 
(Laden et al., 1987). However, Abd El-atif et al. (1997) reported a 
moderate increase (13%) in plasma creatinine following three days of 
water restriction in Barki sheep. The accumulation of creatinine in 
plasma might be a consequence of a general reduction in urinary 
excretion rate during water deprivation as reported in sheep (More, 
1982). The increase in plasma creatinine might also be related to changes 
in clearance rate since the endogenous creatinine clearance rate was 
found to be closely correlated to GFR in sheep (Nawaz and Shah, 1984). 
Thus, plasma creatinine can be used as an indicator of GFR in domestic 
animals (Finco, 1997). As adjustments to water balance during water 
lack, goats reduced their GFR rate, which eventually resulted in a 
reduction of urine volume. Therefore, the rise in serum creatinine could 
be related to the maintenance of renal function at a lower level, which 
consequently reduces the clearance rate of serum creatinine. 
In the present study, water deprivation did not induce any 
significant changes in plasma level of glucose (Table 4.3). Previous 
studies could not find significant changes in glucose level in response to 
water restriction (Singh et al., 1982; Igbokwe, 1993; Alamer, 2003), 
while Abdelatif and Ahmed (1994) reported a decline of 13% in plasma 
glucose level of Sudanese desert sheep watered every 72 hours. The 
decrease in food intake that accompanied water restriction could 
presumably result in an obvious fall in plasma glucose level. However, it 
seems that the decrease of plasma glucose does not necessarily parallel 
that of food intake (Singh et al., 1982). In the current study, the great 
extent of food intake reduction was not accompanied by a similar trend in 
plasma glucose. The fall in food intake should presumably be followed 
by a similar reduction in glucose level, however, the finding in the 
present study and that of Singh et al. (1982) and Alamer (2003) did not 
support this contention. In the most known desert-adapted animal, the 
camel, water deprivation induced a higher plasma level of glucose that 
was explained partially by a significant fall in plasma insulin (Yagil and 
Berlyne, 1977). Glycogenolysis and gluconeogenesis might have also 
been provoked since plasma glucagon level increased in response to 
water deprivation in rats (Hohenegger et al., 1986). These possible 
changes in the two physiological responses might be involved in the 
maintenance of normal glucose level despite the great reduction in food 
intake observed in the present study. 
The results obtained in this study showed no significant changes in 
serum Na and K level in response to water deprivation (Table 4.4). Khan 
(1978) reported that the plasma Na and K level remained unchanged 
throughout the water deprivation regime in Barmer goats. Similar results 
were obtained by Cole (2000) in sheep, who reported that food and water 
deprivation for 72 hrs had no significant effect on plasma Na, K 
concentrations compared with hydrated control animals. Also plasma K 
was not affected in water-deprived sheep (Igbokwe, 1993), whereas, 
Singh et al. (1982) reported a tendency of increase in plasma K in water-
deprived sheep. Adogla-Bessa and Aganga (2000) reported that water 
deprivation raised the concentrations of blood biochemical constituents 
due to dehydration in goats.  
In the present study, water deprivation in goats resulted in a 
significant progressive rise in serum osmolality, which continued to 
increase during dehydration (Table 4.4). An increase in plasma 
osmolality due to water restriction was observed in previous studies in 
goats (El-nouty et al., 1990) and sheep (Laden et al., 1987). The increase 
in plasma osmolality is likely to be caused by the increase in colloid 
osmotic pressure of the increased concentrations of serum total protein 
and albumin (Table 4.3). The observed rise in plasma osmolality during 
water restriction contributes largely to the maintenance of plasma volume 
by encouraging water movement from the interstitial fluid into the 
vascular system.  
In the present study, the total urine volume (24 hr) produced by 
goats which had been exposed to water deprivation, decreased  
significantly during water deprivation (Table 4.5). This reduction in total 
urine volume of dehydrated goats is a result of physiological mechanism 
that regulates total body water. In this situation of dehydration, the 
kidneys play a major role in controlling water loss through regulation of 
urine volume in response to certain hormones (ADH, aldosterone, and 
ANP).   
The present results in showed a gradual and significant decrease in 
GFR in the first day and in the second and third day of water deprivation 
(Table 4.4). Allowing goats to drink at the end of dehydration period 
resulted in a gradual increase in the GFR of treated group, it returned to 
the control group value in the third day of rehydration. As an adjustment 
to water balance during water lack, reduction in GFR, eventually resulted 
in a reduction of urine volume. Therefore, the rise in plasma creatinine 
could be related to maintenance of renal function at a lower level, which 
consequently reduced the clearance rate of plasma creatinine. The GFR 
was maintained below hydration levels during water deprivation of 
Nubian goats.  
The results showed that urine urea concentration increased 
significantly with increasing the length of water deprivation (Table 4.5). 
Following rehydration, the urea level tended to rise; it reached the control 
level in the second day. This may be related reduction of urine volume 
and GFR reported during water deprivation in the present study. 
4.5 Summary   
1. The effects of the three days dehydration and two days rehydration 
on blood constituents and renal function have been studied in 
Nubian goats. 
2. The daily food intake was significantly decreased by water 
deprivation. There was marked reduction in food intake 
presumably to reduce water expenditure. After rehydration, the 
food intake returned to control level within two days. 
3. The mean BW decreased significantly in dehydrated animals 
compared to the control. The dehydrated group immediately after 
drinking recovered their lost weight.  
4. Water deprivation resulted in an increase in rectal temperature 
(Tr), which returned to normal level after drinking. 
5. There was a marked significant increase in PCV of dehydrated 
animals compared to control.  After two days, the PCV of the 
rehydrated goats returned to control level. 
6. Water deprivation significantly increased serum total protein and 
albumin concentrations, urea and creatinine level. After 
rehydration all these parameters returned to the control level 
values in the second day, except serum albumin which returned in 
the third day of rehydration. 
7. Water deprivation and rehydration had no significant effects on 
plasma glucose level and serum Na and K concentration. 
8. Serum osmolality increased progressively and significantly during 
water deprivation and it returned to control level in the second day 
following rehydration. 
9. Water deprivation resulted in a significant decrease in urine 
volume and GFR, urine volume returned to control level in the 
third day and GFR in the second day of rehydration. 
10. Water deprivation did not affect urine Na and K level significantly. 
11. Dehydration was associated with significant increase in urine urea 
concentration; following rehydration, urine urea level increased to 
control value in the second day of rehydration. 
 
 
 
 
 
 
 
 
 
 
CHAPTER FIVE 
EFFECTS OF DIETARY PROTEIN LEVEL ON 
BLOOD CONSTITUENTS AND RENAL                    
FUNCTION IN NUBIAN GOATS 
 
 
5.1 Introduction               
Proteins are essential components of the body and are required for 
the body’s structure and proper function. Proteins function as enzymes, 
hormones, and antibodies, as well as transport and structural components 
(Jeor, 2001). Early investigators suggested that high protein intake had a 
deleterious effect on renal function (Brouhard, 1986). Because of the 
possible deleterious influences of dietary proteins in chronic renal failure, 
a number of investigations have been devoted to the study the changes 
occurring in renal function and morphology after a protein meal or after 
chronic alternations in protein intake (Bouby et al., 1988; Bankir and 
Kriz, 1995). High protein intake induces kidney hypertrophy and 
enhances renal haemodynamic. Kidney weight relative to body weight 
was greater about 20-50% in animals fed a protein-rich, versus a protein-
poor diet (Hostetter et al., 1982). In mammals, protein ingestion 
increases the glomerular filtration rate (GFR), an effect which has been 
incriminated as a risk factor in progression of renal disease. Some studies 
suggest that a postprandial increase in GFR is absent or mild with 
vegetable proteins compared to animal proteins (Finco and Cooper, 
2000).  
The chronic increase in GFR induced by sustained protein intake 
has been indicated as a potential mechanism of glomerular injury 
(Brenner et al., 1982). The physiological mechanisms underlying the 
GFR increase that follows a protein load are not yet fully understood. 
Several neuro-humoral factors that regulate renal functions in basal 
conditions may be involved, growth hormone (Castellino et al., 1986; 
Hirschberg and Kopple, 1987), prostaglandins (Ruilope et al., 1987; 
Krishna et al., 1988), glucagon (Castellino et al., 1986), angiotensin II 
(Chan et al., 1988; Woods, 1993), aldosterone (Krishna et al., 1988), 
circulating catecholamines (Krishna et al., 1988; Hirschberg et al., 1988), 
arginine vasopressin and atrial natriuretic factor (Rodriguez-Iturbe et al., 
1988). These factors have been considered as potential regulatory 
mechanisms in the renal response to a protein load since many of them 
are involved in the control of whole kidney hemodynamics, GFR 
regulation, renal excretory functions (King and Levey, 1993), and renin 
release (Davism and Freeman, 1976; Wagner and Kurtz, 1998).  
Although there is limited research regarding the long-term effects 
of high protein intakes on renal function in humans, animal models have 
provided insight into this quandary. Mammals fed acute and chronic high 
protein diets exhibit increases in GFR and renal blood flow (Singer, 
2003); these changes, which are comparable to those observed in 
humans, led to the hypothesis that high protein intakes are associated 
with progressive glomerulosclerosis in the rat. However, recently, 
Lacroix et al. (2004) studied the effects of a diet containing 50% protein 
on renal function in Wistar rats and noted no abnormalities in renal 
function or pathology. Collins (1990) also reported no adverse effects of 
long-term consumption of high protein diets on renal function when two 
years of a diet containing 60% protein failed to evoke changes in the 
percentage of sclerotic glomerulus’s in rats.   
An increase in dietary protein has been associated with an increase 
in creatinine clearance in subjects with normal kidney function. This has 
been reported in acute as well as in longer-term (5 d to 3 wk) studies 
(Nakamura et al., 1993). Changing dietary protein level was studied in 
goats by Eriksson and Valtonen, (1982); they concluded that low protein 
diet decreased GFR and urea concentration of plasma. Reduction of 
protein intake in goats was associated with significant increase in plasma 
creatinine concentration and decrease in plasma urea concentration and 
GFR (Valtonen et al., 1982). The present study was performed to 
investigate the effects of increase dietary protein level on blood 
constituents and renal function of Nubian goats. 
5.2 Experimental plan 
Six healthy adult female, non-gestating, and non-lactating goats 
weighing 19-22.5 kg were used in this experiment. The animals were 
randomly allocated to 2 x 3 Latin Square design with dietary crude 
protein (CP) levels of 6.1, 12.01, and 18.1% (Table 5.1). The rations 
were offered ad libitum throughout the experimental period. The whole 
experimental period was divided into three phases, in each phase treated 
animals were allowed an adaptation period of 7 days followed by a 
collection period of 7 days. The animals were interchanged from each 
phase to the other in order to have 6 animals in each dietary treatment, 
also between each phase and the other there was a recovery period of one 
week. Each animal was kept in metabolic cage allowing collection of  
  
 
Table 5.1. Rations constituents 
 
Level of protein 
Ingredients (%) 
Low Medium High 
Sorghum stalk  96 85 73.5 
Groundnut cake 2 13 24.5 
Salt 2 2 2 
Crude protein 6.1 12.01 18.1 
 
 
 
 
 
 
 
 
 
 
total urine volume. Every morning rectal temperature was measured. 
Each animal was given one kg of the specific ration and 6 litres of tap 
water every morning. The amount of food and water consumed were 
recorded every day before fresh food and water were offered. The dietary 
consumption of each animal of food and water was computed according 
to the body weight. In each treatment the blood and urine samples were 
taken, the animals were weighed. PCV, serum total protein, albumin, 
urea, creatinine plasma glucose level, and serum Na, K, osmolality, urine 
volume, GFR, and urine Na, K, urea were determined. The prevailing 
climatic conditions during the experiment are shown in Table 5.2. 
5.3 Results 
5.3.1 Water consumption, food intake, body weight (BW) and rectal  
temperature (Tr) 
The effect of dietary protein level are  shown in Table 5.3. 
5.3.1.1 Water consumption  
The results indicate that water consumption increased significantly 
(P<0.05) with increase in dietary protein level from low and medium 
levels to the high level. There was no significant difference between the 
low and medium levels. 
5.3.1.2 Food intake  
The food intake decreased significantly (P<0.01) with increase of 
dietary protein level from low and medium levels to the high level. There 
was no significant difference between the low and medium level. 
    
 
  
 
 
 
Table 5.2. The ambient temperature (ºC) and relative humidity (%) a 
Shambat during the experimental period 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Ambient temperature 
Week 
Minimum  Maximum Mean  
Relative 
humidity 
1 26.5 39.5 33.0 46.0 
2 25.6 39.8 32.7 42.0 
3 25.0 39.9 32.5 41.0 
4 25.0 40.0 32.5 40.0 
5 23.6 40.3 31.8 33.0 
6 23.3 39.7 31.5 31.0 
7 22.5 38.7 30.6 32.0 
8 21.7 39.5 30.6 30.0 
9 21.0 38.5 29.8 23.0 
10 20.9 38.7 29.8 22.0 
 
 
 
 
                  
 
Table 5.3  Effect of dietary protein level on water consumption, food intake, body 
weight (BW) and rectal temperature (Tr)  
 
                 (n = 36,   mean ± SE.) 
 
                        Dietary protein level (%) Parameter 
6.1 12.01 18.1 
LS 
Food intake (g/kg/day)  30.56±0.9a 29.96±1.53a 26.28±0.88b ** 
Water consumption  
(ml /kg/day) 
54.35±2.49b 65.92±4.39b 72.22±5.34a * 
BW (kg) 20.14±0.43a 19.72±0.30ab 19.20±0.37b * 
Tr (ºC) 37.27±0.28a 37.33±0.25a 37.59±0.20a NS 
            
            Means in the same raw bearing different superscripts are significantly different.  
            LS:Level of significance                                                                             
      * p< 0.05 
      * * p< 0.01 
            NS:  Not significant  
 
 
 
 
 
 
 
 
 
5.3.1.3 Body weight (BW) 
The BW decreased significantly (P<0.05) with increase in dietary 
protein level. The difference was significant only between the high and 
low level.  
5.3.1.4 Rectal temperature (Tr) 
There was a slight progressive increase in Tr with increase in 
dietary protein level.  
5.3.2 Blood constituents 
The results of the effects of dietary protein level on blood 
constituents are shown in Table 5.4. 
5.3.2.1 Packed cell volume (PCV)  
The PCV was not significantly affected by changing dietary 
protein level. The results showed a slight increase in PCV of the medium 
level compared to the high and the low dietary protein level. 
5.3.2.2 Serum total protein 
  The results indicate that there was no significant difference in 
serum total protein concentration related to changing dietary protein 
level. 
5.3.2.3 Serum albumin 
Serum albumin level was not significantly affected by changing 
dietary protein level.  
5.3.2.4 Serum urea  
 The results show that serum urea level increased significantly 
(P<0.001) and progressively with increasing dietary protein level, a high 
value was obtained with high protein diet. 
 
 
 
 
 
 
 
Table 5.4. Effects of dietary protein level on packed cell volume (PCV), serum 
constituents and serum osmolality . 
 
                 (n = 54,   mean ± SE.) 
 
  Means in the same raw bearing different superscripts are significantly different. 
   LS:Level of significance  
* * p< 0.01 
      *** p< 0.001 
NS :Not significant  
 
 
 
 
 
 
 
                           Dietary protein level (%)  
6.1 12.01 18.1 
LS 
PCV(%) 26.72±0.64a 27.22±0.74a 26.39±0.63a NS 
Total protein (g/dL) 7.72±0.14a 7.44±.13a 7.46±0.13a NS 
Albumin (g/dL) 4.08±0.11 3.71±.0.15a 3.89±0.12a NS 
Urea (mg/dL) 16.94±1.42c 28.50±1.92b 36.00±1.92a *** 
Creatinine (mg/dL) 0.78±0.06a 0.65±0.02b 0.62±0.03b ** 
Glucose (mg/dl) 60.50±1.1a 59.50±0.86a 60.940.67a NS 
Na( mEq/L) 109.06±1.76a 109.00±1.39a 112.94±1.36a NS 
K( mEq/L) 3.10±0.04a 3.09±0.05a 3.14±0.07a NS 
Osmolality 
(mosmol/kg) 
273.04±3.20 a 272.46±2.58 a 278.88±2.95 a NS 
5.3.2.5 Serum creatinine  
The results show that serum creatinine level decreased 
significantly (P<0.01) with increasing the level of protein in diet, a lower 
level was obtained with higher level of protein.  
5.3.2.6 Plasma glucose 
The results show that changing dietary protein level had no 
significant effect on plasma glucose level. 
4.3.2.7 Serum sodium (Na) and potassium (K) 
 The serum concentrations of Na and K were not significantly 
affected by changing protein level in diet. 
4.3.2.8 Serum osmolality  
No significant differences could be detected in serum osmolality 
due to increase in protein level in diet.  
5.3.3 Urine parameters  
The effects of dietary protein level on urine parameters are shown 
in Table 5.5. 
5.3.3.1 Urine volume 
The results show a significant (P<0.001) increase in total urine 
volume with increasing dietary protein level. 
5.3.3.2 Glomerular filtration rate (GFR) 
The results show a gradual and significant (P<0.001) increase in 
GFR due to increase in protein level in diet, the highest value was 
obtained with the high protein level.  
  
 
 
 
 
 
 
 
Table 5.5. Effect of dietary protein level on urine volume, GFR and urine Na, K, and 
urea concentrations. 
 
                 (n = 54,   mean ± SE.) 
 
Dietary protein level (%)  
6.1 12.01 18.1 
LS 
Urine volume(L/day) 0.66±0.02c 0.78±0.03b 0.99±0.05a *** 
GFR (ml/min/kg) 1.98±0.09c 2.47±0.09b 3.07±0.16a *** 
Na( mEq/L) 75.00±12.55 a 66.78±11.65 a 74.56±10.99 a NS 
K( mEq/L) 195.67±17.06 a 136.83±16.86 b 108.77±8.62 b ** 
Urea(mg/dL) 0.86±0.12b 1.31±0.14a 1.46±0.17a * 
 
 Means in the same raw bearing different superscripts are significantly different. 
 LS: Level of significance  
 * p< 0.05 
 * * p< 0.01 
 *** p< 0.001 
 NS: Not significant  
 
 
 
 
 
 
 
 
 
 
5.3.3.3 Urine sodium (Na)  
 The results indicate that no significant effect could be detected in 
urine Na level with increasing protein level in diet.  
5.3.3.4 Urine potassium (K) 
  The effect of increasing dietary protein level on urine K indicate 
that, K level in urine increased significantly (P<0.01). The highest value 
was obtained with the low protein level. 
5.3.3.5 Urine urea 
   Urine urea concentration increased significantly (P<0.05) with 
increasing the protein level in diet, but the results showed no significant 
difference between the high and medium level. 
5.4   Discussion  
In this experiment, the effects of increasing dietary protein level 
from 6.1% to 12.01% and 18.1% on blood constituents and renal function 
of Nubian goat were investigated.    
In the present study, a significant decrease in food intake was 
observed with increasing dietary protein level (Table 5.3). This increase 
in food consumption may be attributed to palatability of the ration with 
low protein concentration. In contrast, Ahmed (1989) found an increase 
in food intake with increasing crude protein level in diet of desert sheep.  
In the present study, increasing dietary protein level in Nubian 
goats significantly increased water consumption (Table 5.3). This 
increase is associated with the need for fermentation, digestion and 
excretion of waste products in urine. Similarly, Scottish sheep 
significantly increased their water consumption with increasing dietary 
crude Protein level (Frobes, 1968). Ahmed (1989) found the same results 
in desert sheep.  
In the present study, paradoxically increasing dietary protein level 
significantly decreased the body weight of goats (Table 5.3). This may be 
attributed to the dependence of animals on protein for energy 
requirements. Weight reduction occurs if there is an energy deficit, that 
is, if caloric intake is reduced below the level of energy expenditure 
(Jeor, 2001). Recent trends in weight loss diets have led to a substantial 
increase in protein intake by individuals. As a result, the safety of 
habitually consuming dietary protein in excess of recommended intakes 
has been questioned (Martin et al., 2005).  
The results indicate that increasing dietary protein level was 
associated with a slight increase in rectal temperature (Table 5.3). This 
may be attributed to heat balance in animals which may be influenced by 
the high level of crude protein. Similar results were observed in desert 
sheep (Ahmed, 1989).  
In the present study most of blood constituents (the PCV, serum 
total protein, albumin, Na and K and osmolality) were not significantly 
(Table 5.4) affected by increasing dietary protein level. However, the 
results showed a slight increased in PCV of the medium level than the 
high and the low level. This may be attributed to constancy of plasma 
volume in spite of changing dietary protein level. 
The results obtained showed that serum urea increased 
significantly and progressively with increasing protein level in diet 
(Table 5.4). The high value obtained with high protein diet could be 
related to increase in  ruminal  NH3 levels due to increasing protein level 
in diet. Similar results obtained in sheep (Tagari et al., 1964; Abou 
Akkada and Osman, 1967; Ahmed, 1989). In ruminants, protein 
deprivation causes effective conservation of urea by the kidneys. This 
involves a decrease in urea concentration of blood plasma, a 
corresponding decrease in the amount of urea filtered at the glomeruli, 
and an enhancing of tubular reabsorption of urea (Harmeyer and Martens, 
1980).  
In the present study, serum creatinine decreased significantly with 
increasing level of protein in diet (Table 5.4). The lower level was 
obtained with the higher value of serum creatinine. Similar results were 
obtained by Valtonen et al. (1982) who reported that reduction of protein 
intake in goats was associated with significant increase in plasma 
creatinine concentration.  
The plasma glucose level was not influenced by dietary protein 
level (Table 5.4). Ahmed (1989) found insignificant increase in plasma 
glucose level in response to change crude protein level in diet of desert 
sheep. Also similar responses were obtained in Holstein cows (Hassan 
and Roussel, 1975). Peripheral blood glucose concentration does not 
increase after protein ingestion in healthy persons (Gannon et al., 2001; 
Gannon et al., 2003). 
In the present study, urine volume was increased significantly with 
increase in dietary protein level (Table 5.5). This may be attributed to 
adjustment of kidney function during increase in nitrogen intake, which 
changes in such a way as to significantly increase urea loss via the urine. 
A large volume of urine helps to excrete urea and other metabolites 
(Sukkar, 1985). This was found to be achieved both through an increase 
in GFR and an increase in the fractional excretion of urea (Leng et al., 
1985). 
The increase in protein level in diet significantly increase the GFR 
in goats (Table 5.5). A high protein intake increases GFR (Michaelsen, 
2000) Increase GFR appears to have played a major role in increasing the 
excretion of urea and decreasing its conservation when high protein feeds 
were fed to the goats. Renal responses to low quality diets are also 
reported for European goats (Erikson and Valtonen, 1982). The current 
results are in conformity with the findings of Silanikove (1984) who 
reported that reduced protein in diet resulted in proportional reduction in 
GFR and the amount of urea excreted with no change in the percentage 
of urea reabsorbed.  
Both acute and chronic increases in protein consumption was 
shown to increase GFR (Bilo et al., 1989; Tuttle et al., 2002). Potential 
mechanisms of protein-induced changes in GFR and creatinine clearance 
are examined, including changes in the hormonal milieu, glomerular 
hemodynamics, and other intrarenal processes (King and Levey, 1993). 
Normal animals demonstrated approximately 30% increase in GFR in 
response to the protein bolus (Levine et al,. 1986). 
 The current study indicated that changing protein level in diet 
significantly affected urine K (Table 5.5). The highest value obtained 
with the low dietary protein level. 
  Urine urea concentration increased significantly in goats with 
increasing the dietary protein level (Table 5.5). However, the results 
showed no significant difference between the high and medium level. 
The quantity of urea excreted by kidneys is affected by plasma 
concentration, which influences the filtered urea load. Reduction of 
dietary nitrogen may affect plasma urea concentration, the amount of 
filtered urea falls in the same proportion. It is decreased further by 
reduction of GFR  (Ergene and Picketing, 1978, Valtonen, 1979).   
Hence, urea excretion declines even if plasma urea concentration rises. 
This may happen, when on the low protein diet, the energy supply is not 
sufficient and body proteins are an energy source (Ide et al., 1967; 
Leibholz, 1970). Tubular reabsorption of urea increased in goats, urea 
concentration and urea pool of plasma increased when the crude protein 
content of the diet is raised from 3.0 to 14.8% (Ide, 1975).  
5.5 Summary 
1. The effects of the increasing dietary protein level on blood 
constituents and renal  function have been studied in  Nubian 
goats. 
2. Water consumption was significantly increased by increasing 
dietary protein  level, from low and medium to high level, but 
there was no significant difference between the low and medium 
level. 
3. The daily food intake decreased significantly with increase in 
dietary protein level.  
4. The mean body weight  (BW) of goats decreased significantly      
by increasing protein level  in diet. The difference was significant 
only between the high and low levels, but it was insignificant 
between the high and medium and low and medium levels. 
 
 5. The increase in dietary protein level resulted in a slight increase in 
rectal   temperature. 
6. There was a slight increase in PCV of the medium protein level 
compared to the high and the low level. 
7. Serum total protein and albumin levels were not significantly 
affected by changing dietary protein level.  
8. Serum urea level increased significantly and progressively with 
increase in dietary protein level in diet. A higher value was 
obtained with high protein level. 
9. Serum creatinine level decreased significantly with increasing 
dietary protein level. A lower level was obtained with the high 
value.  
10. The plasma glucose level, serum concentrations of Na, K and 
osmolality were not affected significantly with dietary protein 
level. 
11. Urine volume of goats increased significantly with increase in 
dietary protein level. 
12. There was progressive significant increase in GFR with increase in 
dietary protein level, the highest values obtained with high protein 
level.  
 
13. Urine Na level was not affected significantly by dietary protein 
level, while urine K level decreased significantly with increase in 
dietary protein level.    
14. Urine urea concentration increased significantly with increase in 
dietary protein level.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
CHAPTER SIX 
EFFECTS OF UNILATERAL NEPHRECTOMY ON 
BLOOD CONSTITUENTS ANA RENAL 
FUNCTION IN NUBIAN GOATS 
 
 
6.1 Introduction                            
Removal of one kidney may be performed because of disease, 
cancer, injury, or transplant donation. Consequently, functional 
adaptation and compensatory hypertrophy of the remaining kidney take 
place; compensatory renal growth has been shown in studies of animals 
and humans (Dinkel et al., 1988; Gomez-Anson et al., 1997; Sigmon, 
2004). After unilateral nephrectomy, compensatory renal hypertrophy 
occurs in the remaining kidney in mice, rats, rabbits and dogs, but not in 
cats (Jancic,1969). In a variety of species, including man, unilateral 
nephrectomy is followed after a few days by a compensatory increase in 
the size of the remaining kidney, together with increases in GFR and 
sodium and water reabsorption (Dicker and Shirley, 1971; Shirley, 1976).  
Kidney enlargement has been estimated radiologically by an 
increase in length or in some indices using the length, width, or volume 
(Gudinchet et al., 1994; Gomez-Anson et al., 1997). Renal volume 
determination by sonography has shown a 20%-100% increase in the 
remaining kidney volume (Gudinchet et al., 1994; Gomez-Anso et al., 
1997). Najaria et al. (1992) reported that the serum creatimne level 
usually increases up to 20% above baseline, remaining within the normal 
range.  Also Sugaya (2000) studied the changes in the serum creatinine 
level and the volume of the remaining kidney following nephrectomy of 
patients undergoing nephrectomy.  
Hypertrophy of the renal tubular cells, especially those of the 
proximal tubule accounts for the majority of the increase in kidney size 
that follows partial removal of renal mass (Fine and Bradley, 1985). 
Dicker and Shirley (1972) concluded that after unilateral 
nephrectomy in rats the remaining kidney underwent compensatory 
growth. The rate and extent of this growth were greater in young than in 
adult. Dicker and Morris (1972) in study of unilateral nephrectomy of 
baboons observed that, all the baboons increasing in body weight and 
during 4 months there was no evidence that unilateral nephrectomy 
resulted in compensatory hypertrophy of the contralateral kidney. 
Nephrotomy in normal functioning feline kidneys results in a modest 
relative reduction in renal function (Bolliger et al., 2005). 
 Drukker (2001) concluded that from a twenty- to fifty-year 
follow-up of a significant number of subjects after uninephrectomy, the 
adverse effects of a kidney donation are rather minimal and consist of 
mild to moderate proteinuria and slightly higher blood pressure than 
could be expected based on the social and genetic background of the 
kidney donor’s general population and his or her age and gender. The 
uninephrectomized subjects should live completely normal lives without 
dietary restrictions.  Because it is difficult to use humans in experiments, 
the researchers tended to use animals in their experiments. Thus, the 
present study was performed to evaluate the function of the remaining 
contralateral kidney after the removal of a functioning kidney. also it was 
intended to evaluate the responses of uninephrectomized goats to 
drinking saline water and dehydration.  
6.2 Experimental plan 
6.2.1 Effects of unilateral nephrectomy  
Eight healthy goats were anaesthetized and randomly divided into 
2 equal groups of 4 each. For the first group the left kidney was removed 
through a lumbar incision (Fig.1) and the animals in the second group 
were exposed to lumbar incision only (sham operation). In unilateral 
nephrectomized goats, care was taken to leave the adrenal glands intact. 
The experimental animals were kept under observation for 15 
weeks in metabolic cages, which allowed the collection of urine. During 
this period, the animals remained in good health and had a slight body 
weight gain. In the first 9 weeks, the normal renal function and blood 
constituents for unilaterally nephrectomized and sham-operated animal 
were determined. Then during the next 5 weeks, the two groups of 
animals exposed to drinking saline water. Then the animals of both 
groups exposed to dehydration for three successive days. 
ultrasonographic measurements pre and post-operations were carried out,  
At the end of the experimental period, the animals were sacrificed   and 
the remaining kidney was removed. Removed kidneys were weighed and 
their size was measured morphological, and histological measurements 
were carried out. 
 
 
  
 
 
 
Fig. 1. Intraoperative photograph showing the surgery of removal of the left kidney 
 
 
 
 
The following blood parameters performed were, PCV, Hb,  
plasma glucose, serum creatinine, urea, total protein, electrolytes (Na, K) 
albumin. The urine parameters measured included urine volume urea, 
electrolytes (Na, K) and GFR. The prevailing climatic conditions during 
the experiment are shown in Table 6.1. 
6.2.2 Effect of salinity of drinking water on intact and 
unilaterally nephrectomized goats 
 The experimental animals used in, sham-operated animals this 
study, sham-operated animals (control), groups 1, and groups 2 
uninephrectomized animals.   
   The experiment consisted of 4 phases, each lasting 7 days. 
i) Phase 1: fresh water was available. 
ii) Phase 2: hyptonic saline (0.45% NaCl) was offered as the source 
of drinking water. 
iii) Phase 3: isotonic saline (0.9% NaCl) was offered as the source of 
drinking water. 
iv)   Phase 4 hypertonic saline (1.5% NaCl) was offered as the source of 
drinking water.  
These sources of water were offered to both groups of animals ad 
libitumDuring each phase the animals were allowed 4 days to adapt to 
the drinking water before samples were taken.  
The blood parameters measured included, PCV, Hb, plasma 
glucose, serum creatinine, urea, total protein, albumin, electrolytes (Na, 
K). Urine parameters investigated were urine volume, urea, 
electrolyte(Na, K) and GFR. The prevailing climatic conditions during 
the experiment are shown in Table 6.1. 
 
Table 6.1. The ambient temperature (ºC) and relative humidity (%) a 
Shambat during the experimental period 
 
 
Ambient temperature Week Minimum  Maximum Mean  
Relative 
humidity 
0 26.0 41.0 33.5 31.0 
1 28.0 42.0 35.0 33.0 
2 26.0 39.0 32.5  43.0 
3 27.0 39.0 33.0 42.0 
4 27.0 40.0 33.5 35.0 
5 28.0 39.0 33.5 44.0 
6 25.0 41.0 33.0 45.0 
7 29.0 39.0 34.0 50.0 
8 27.0 40.0 33.5 45.0 
9 28.0 40.0 34.0 48.0 
10 26.0 38.0 32.0 46.0 
11 25.0 39.0 32.0 47.0 
12 25.0 37.0 31.0 49.0 
13 26.0 37.0 31.5 48.0 
14 25.0 38.0 31.5 45.0 
15 26.0 39.0 32.5 46.0 
 
 
 
 
 
 
 
 
 
 
6.2.3 The effects of state of body hydration on intact and 
unilaterally nephrectomized goats 
In this experiment, the same animals used in the previous 
experiment were used. Each animal was given one kilogram of dry 
lucerne and 6 litres of tap water every morning and rectal temperature 
was measured. The amount of food and water consumed were recorded 
every day before fresh food and water were offered. The experimental 
period was divided into three phase, euhydration, dehydration, and 
rehydration. During the course of experiment, the treated animals were 
exposed to dehydration, by water deprivation for 3 days and then the 
animals were given 6 litres of water and allowed to drink to satisfaction 
and the water consumed was measured, and the responses to rehydration 
were evaluated for 2 days.  
Blood and urine samples were taken initially, every day during 
dehydration, the animals were also weighed daily. After rehydration, the 
samples were taken for 2 days. The blood samples were used for 
determination of PCV, serum total protein, albumin, urea, creatinine 
plasma glucose level, and serum Na, K, osmolality, cortisol. Urine 
samples were used for determination of urine volume, GFR, Na, K, urea. 
The prevailing climatic conditions during the experiment are shown in 
Table 6.1. 
 
 
 
6.3 Results 
6.3.1 Effects of unilateral nephrectomy 
6.3.1.1 Morphological and histological measurements  
6.3.1.1.1 Morphological measurements  
The weight of the right kidney was significantly (P<0.01) 
increased in the unilaterally nephrectomized animals compared to sham-
operated animals (Table 6.2).  
Ultrasonographic measurements (Table 6.3 and Fig.2) indicate that 
the volume of the remaining kidney in unilaterally nephrectomized goats 
was increased significantly (P<0.01) after removal of the kidney. After 3 
weeks, the volume increased by 83.16 % compared with the volume of 
the kidneys of the control (sham-operated). After three months of the 
operation the volume of treated increased by 56.45% compared with the 
volume of the kidneys of the control (sham- operated) (Table 6.3 and 
Fig.3). 
6.3.1.1.2 Relative medullary thickness (RMT) 
 The results of the effects of unilateral nephrectomy on the changes 
in RMT are shown in Table 6.4. The results indicate significant increase 
(P<0.001) in RMT due to unilateral nephrectomy. RMT of 
nephrectomized kidney increased by 21.88% compared with the value of 
the kidneys of the control (sham- operated). 
6.3.1.1.3 Histological measurements  
The histological parameters are shown in Table 6.5 and Fig.4, 5. 
The results show significant increase (P<0.05)  in diameter of 
glomerulus, (P<0.01)  proximal and distal tubules, and significant 
(P<0.05)  decrease  
  
 
 
Table 6.2: The weight of the kidneys 
 
Parameter Group  
Weight (g) Control 41.67±1.14a 
 Treated 61.27±1.52b 
LS  ** 
  
                          Means bearing different superscripts are significantly different    
                          LS: Level of significance  
                          ** P< 0.01 
 
 
 
 
 
Table 6.3. Ultrasanographic measurement (kidney volume)                      
 
Parameter Group 1 2 3 
Control 41.40±2.30a 42.23±0.18b 44.23±0.97b 
Volume  (cm3)
Treated 44.36±1.50a 77.35±10.04a 69.20±6.84a 
LS  NS ** ** 
 
Means bearing different superscripts are significantly different    
LS: Level of significance  
** p< 0.01 
NS: Not significant  
 
 
 
 
  
 
Fig. 2:  Photograph showing ultrasound technique for measuring the volume of 
the kidneys  
 
Fig. 3 : Photograph showing ultrasound measurements of the volume of            
the kidney 
 
 
   Table 6.4: Histology of nephrectomized goat’s nephron 
 
group Diameter of 
glomerulus 
Boman-space Diameter of 
proximal tub. 
Diameter of 
distal tub 
Sham   198.25±3.54 b 29.81±.2.08 b 12.44±0.81 b 18.80±0.47 b 
Neph 235.75±8.61 a 39.25±1.45 a 20.97±0.91 a 27.50±0.64 a 
LS * * ** ** 
 
    Means in the same raw bearing different superscripts are significantly different.  
            LS:Level of significance                                                                             
      * p< 0.05 
      * * p< 0.01 
 
 
 
 
 
Table 6.5:  Relative medullary thickness (RMT)  
 
Parameter Group  
Sham  4.80±0.07b  RMT 
Neph  5.85±0.15a 
LS  ** 
 
                            LS: Level of significance  
                      ** P< 0.01 
            
 
 
 
 
 
 
   Fig. 4. 
 
 
 
   Fig. 5 
 
Fig. 4 and 5. Light micrographs of representative kidney sections (H& S stain, x 200) 
from (4) uninephrectomized animal and (5) sham-operated animal 105 days 
after surgery. The glomeruli (large arrows) and the tubules (small arrows) 
were markedly dilated and enlarged  in uninephrectomized animal.  
 
 
 in the Bowman space compared with control (sham-operated). The 
diameter of glomerulus increased by 18.19%, proximal tubule 68.56% 
and the distal tubule by 46.28%. But bowman space decrease about by 
31.66%. 
6.3.1.2 The effects of unilateral nephrectomy on water consumption, 
body weight (BW) and rectal temperature (Tr)  
The results of the effects of unilateral nephrectomy on water 
consumption, body weight (BW) and rectal temperature (Tr) are shown 
in table 6.6. The results indicate that no significant difference could be 
detected between unilaterally nephrectomized and sham-operated goats 
in any of these parameters throughout the experimental period. 
6.3.1.3 Blood constituents 
6.3.1.3.1 Erythrocytic indices     
The results presented in Table 6.7 indicate that there were no 
significant effects of unilateral nephrectomy on erythrocyte count, PCV 
and Hb concentration. 
6.3.1.3.2 Serum total protein and albumin, and serum osmolality   
Table 6.8 shows that no significant differences could be detected 
between unilaterally nephrectomized and sham-operated animals in 
serum concentrations of total protein, albumin and serum osmolality.  
 
 
 
 
Table 6.6. Effects of unilateral nephrectomy on water consumption, BW and Tr. 
 
 
 
 
 
          
 
 
 
 
 
 
 
 
 
 
 
 
                                         
Means bearing same superscripts are not significantly different                                    
LS: Level of significance  
NS  Not significant  
 
 
 
 
 
 
 
                    
Water consumption(ml 
/Kg) 
Body weight (kg)              Rectal temp.(ºC)  
weeks 
  control treated 
LS 
control treated 
LS 
control treated 
LS 
0 - -  20.27±0.54 a 21.25±0.62 a NS 38.27±0.20 a 38.28±0.03 a NS 
1 136.67±21.73a 121.58±21.81a NS 20.00±0.50 a 20.58±0.57 a NS 37.97±0.43 a 37.95±0.21 a NS 
2 186.27±11.69a 167.17±5.64a NS 20.40±0.65 a 20.75±0.57 a Ns 38.70±0.10 a 38.50±0.09 a NS 
3 128.61±14.88a 98.57±16.00a NS 20.50±0.59 a 20.83±0.59 a NS 38.13±0.20 a 38.38±0.09 a NS 
4 124.32±16.23 a 119.03±5.89 a NS 20.83±0.83 a 21.28±0.36 a NS 38.88±0.03 a 38.42±0.20 a NS 
5 110.45±12.88a 92.59±22.46a NS 21.17±0.71 a 21.67±0.48 a NS 38.53±0.33 a 38.80±0.36 a a NS 
6 128.00±5.30a 109.49±5.70a NS 21.80±0.87 a 22.00±0.53 a NS 38.57±0.15 a 38.53±0.19 a NS 
7 96.37±10.92a 64.82±21.57a NS 21.90±0.78 a 22.07±0.34 a NS 38.38±0.11 a 38.42±0.9 a NS 
8 78.91±10.34a 62.34±7.00a NS 21.98±0.56 a 22.20±0.60 a NS 38.60±0.16 a 38.37±0.27 a NS 
9 68.35±3.64a 62.76±9.33a NS 22.00±0.45 a 22.18±0.41 a NS 38.05±0.24 a 38.32±0.15 a NS 
Table 6.7. Effects of unilateral nephrectomy  on RBC, Hb concentration and PCV 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
  
  
        
 
                                       
Means bearing same superscripts are not significantly different                          
LS: Level of significance  
NS:  Not significant  
 
 
 
 
     RBC(X106/ µL ) 
 
          Hb g/dL          PCV (%)   
Weeks   
Control  Treated  
LS 
Control  Treated  
LS 
Control  Treated  
LS 
0 - -  - -  25.50±0.29a 26.00±0.41 a NS 
1 - -  - -  25.75±0.82 a 26.00±0.41 a NS 
2 6.35±044a 6.78±0.36a  9.36±0.25a 6.28±045a NS 25.00±0.41 a 25.25±0.25 a NS 
3 7.00±0.40 a 6.85±0.32 a NS 9.43±0.24 a 9.68±0.17 a NS 24.50±1.00 a 24.75±0.25 a NS 
4 6.60±0.32 a 6.63±0.13 a NS 9.47±0.31 a 9.43±0.27 a NS 26.00±0.41 a 26.25±0.48 a NS 
5 7.37±0.66 a 7.13±0.55 a NS 9.82±0.28 a 9.72±0.13 a NS 26.25±1.18 a 26.50±1.26 a NS 
6 6.87±0.31 a 7.00±0.58 a NS 10.13±0.41 a 9.97±0.37 a NS 26.00±0.71 a 26.25±0.95 a NS 
7 6.45±0.36 a 6.75±0.48 a NS 10.82±0.08 a 10.45±0.32 a NS 25.75±1.10 a 25.25±0.48 a NS 
8 6.25±0.25 a 6.50±050 a NS 11.05±0.43 a 11.67±0.24 a NS 26.75±1.08 a 27.00±1.10 a NS 
9 6.82±0.59 a 6.88±0.43 a NS 11.20±0.24 a 10.90±0.17 a NS 27.00±1.08 a 27.00±1.15 a NS 
10 6.70±0.31 a 7.00±0.54 a NS 11.13±0.31 a 11.30±0.19 a NS 26.75±1.25 a 27.00±1.50 a NS 
Table 6.8.  Effects of unilateral nephrectomy on  serum total protein, and albumin and  serum 
osmolality 
 
 
  
        
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                      
Means bearing same superscripts are not significantly different    
LS: Level of significance  
NS:  Not significant  
Total protein (g/dL) LS Albumin(g/dL) LS Osmolality (mOsmol/kg) LS  
Week 
  
Control  Treated   Control  Treated   Control  Treated   
0 7.30±0.10 a 7.50±0.14 a NS 3.7±0.06 a 3.63±0.19 a NS - -  
1 7.60±0.15 a 7.33±0.15 a NS 3.63±0.12 a 3.50±0.06 a NS 311.66±11.02 a 304.66±5.78 a NS 
2 7.35±0.25 a 7.58±0.17 a NS 3.57±0.13 a 3.35±0.13 a NS 299.00±0.91 a 303.25±5.51 a NS 
3 7.60±0.06 a 7.35±0.26 a NS 3.55±0.25 a 3.43±0.14 a NS 313.33±5.36 a 310.25±3.98 a NS 
4 7.05±0.41 a 7.65±0.22 a NS 3.63±0.06 a 3.38±0.11 a NS 298.00±6.50 a 307.50±4.83 a NS 
5 7.35±0.50 a 7.53±0.27 a NS 3.38±0.19 a 3.67±0.13 a NS 317.33±9.50 a 315.00±1.85 a NS 
6 7.20±0.21 a 7.70±0.14 a NS 3.33±0.01 a 3.60±0.10 a NS 314.00±17.77 a 313.25±3.90 a NS 
7 7.13±0.30 a 7.38±0.19 a NS 3.43±0.14 a 3.43±0.11 a NS 300.00±2.88 a 309.25±3.70 a NS 
8 7.05±0.34 a 7.70±0.07 a NS 3.35±0.12 a 3.25±0.06 a NS 308.50±21.89 a 302.25±4.73 a NS 
9 6.98±0.31 a 7.53±0.21 a NS 3.40±0.06 a 3.40±0.09 a NS 286.33±6.69 a 290.66±8.08 a NS 
10 7.18±0.18 a 7.60±0.08 a NS 3.28±0.08 a 3.52±0.13 a NS 292.66±0.88 a 291.50±4.87 a NS 
6.3.1.3.3 Serum urea and creatinine and plasma glucose  
 The effects of unilateral nephrectomy on serum urea, creatinine 
and plasma  glucose  are  shown  in  Table 6.9.  The results  indicate that 
serum urea and plasma glucose were not significantly affected by 
nephrectomy. However, serum creatinine level increased significantly 
(P<0.01) in unilaterally nephrectomized animals particularly in the first 
three weeks.  
6.3.1.3.4 Serum Na and K and serum cortisol  
The effects of unilateral nephrectomy on serum electrolytes      
(Na, K) and serum cortisol are shown in Table 6.10. The results indicate 
that these parameters were not significantly affected by unilateral 
nephrectomy.  
6.3.1.3.5 Urine volume and GFR 
The effects of unilateral nephrectomy on urine volume and GFR 
are shown in Table 6.11. The results show that there was a slight 
insignificant decrease in urine volume of nephrectomized animals in the 
first week after surgery. Regarding GFR the results show significant 
(P<0.05) decrease in GFR value of nephrectomized goats in the first 
week, and insignificant decrease in the second and third week. 
6.3.1.3.6 Urine Na, K and urea 
Table 6.12 shows the effects of uninephrectomy on urine Na, K 
and urea. The results indicate that there was no significant difference 
between the two groups in any of the above parameters. 
 
Table 6.9. Effects of unilateral nephrectomy on serum urea and creatinine, and plasma glucose 
 
 
                    
 
 
 
Means bearing different  superscripts are significantly different    
                   LS: Level of significance  
             * * P< 0.01 
             NS:  Not significant  
Week  Urea (mg/dL) LS Creatinine (mg/dL) LS Glucose(mg/dL) LS 
 Control  Treated   Control  Treated   Control  Treated   
0 31.00±1.00 a 29.75±1.60 a NS 0.75±0.03 a 0.80±0.09 a NS 62.00±1.53 a 64.75±1.65 a NS 
1 33.33±0.88 a 35.00±1.00 a NS 0.88±0.05b 1.28±0.09 a ** 62.33±0.88 a 62.33±0.88 a NS 
2 30.00±1.15b 34.75±0.75 a NS 0.90±0.10b 1.35±0.03 a ** 62.00±1.53 a 64.75±1.62 a NS 
3 34.33±4.63b 41.50±1.82 a NS 0.83±0.13b 1.20±0.12 a ** 66.67±2.67 a 68.00±0.82 a NS 
4 31.25±2.14 a 37.75±2.50 a NS 0.90±0.12 a 1.03±0.11 a NS 70.00±1.00 a 69.75±3.20 a NS 
5 29.75±2.39 a 32.67±2.40 a NS 0.88±0.06 a 1.00±0.07 a NS 68.75±1.11 a 69.50±1.44 a NS 
6 26.25±2.50 a 33.25±4.42 a NS 0.78±0.09 a 0.95±0.03 a NS 70.75±1.49 a 73.00±0.71 a NS 
7 29.00±3.63 a 30.25±4.61 a NS 0.75±0.05 a 0.85±0.03 a NS 74.25±1.75 a 72.75±1.18 a NS 
8 24.75±0.63 a 27.25±3.09 a NS 0.90±0.06 a 0.93±0.05 a NS 68.50±0.29 a 72.75±1.44 a NS 
9 18.25±1.70 a 19.25±1.49 a NS 0.73±0.08 a 0.90±0.07 a NS 71.67±0.88 a 67.50±4.09 a NS 
10 23.25±1.03 a 26.00±1.78 a NS 0.88±0.06 a 0.95±0.03 a NS 69.500.65± a 69.25±2.02 a NS 
         Table 6.10. Effects of unilateral nephrectomy  on serum Na, K, and cortisol 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Means bearing same superscripts are not significantly different                            
                     LS: Level of significance  
                           NS  Not significant  
 
 
 
 
 
 
 
 
 
 
                                                       
Na (mEq/L) K (mEq/L) Cortisol(ng/ml) week 
Control  Treated  
LS 
Control  Treated  
LS 
Control  Treated  
LS 
0 128.00±2.65 a 131.50±1.04 a NS 3.77±0.15 a 4.10±0.17 a NS - -  
1 130.33±1.86 a 130.75±0.94 a NS 4.13±0.19 a 4.00±0.37 a NS 391.60±32.40 a 400.50±28.43 a NS 
2 129.67±1.20 a 132.25±0.63 a NS 3.73±0.19 4.38±0.46 a NS 427.00±18.08 a 439.83±30.00a NS 
3 129.67±0.67 a 131.75±2.14 a NS 3.83±0.17 a 4.030.08 NS 390.23±45.27 a 347.13±37.35 a NS 
4 132.00±1.41 a 129.00±1.41 a NS 3.48±0.13 a 3.69±0.09 a NS 363.63±35.726 a 377.96±31.34 a NS 
5 127.25±0.75 a 130.33±1.86 a NS 3.75±0.10 3.73±0.18 NS 451.60±12.87 a     433.16±11.68 a NS 
6 125.25±1.31 a 129.25±2.14 a NS 3.73±0.09 3.78±0.08 NS 360.23±31.91 a 372.33±33.62 a NS
7 128.25±0.49 a 129.25±0.63 a NS 3.45±0.14 3.65±0.09 NS 404.53±43.13 a 342.76±54.81 a NS
8 130.75±1.44 a 128.00±0.41 a NS 3.43±0.06 3.25±0.06 NS 365.03±49.23 a 358.26±19.19 a NS
9 124.50±2.50 a 124.00±1.68 a NS 3.48±0.19 3.55±0.06 NS 364.23±64.75 a 382.40±19.73 a NS
10 120.50±0.87 a 122.50±1,76 a NS 3.65±0.19 3.75±0.05 NS 387.53±20.75 a 385.12±13.22 a NS
Table 6.11. Effects  unilateral nephrectomy  on urine volume and GFR 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                             
                                                        Means bearing different  superscripts are significantly different   
                                                          LS: Level of significance  
                                                     * * P< 0.01 
                                                   NS:  Not significant  
 
 
   
 
 
 
 
 
 
Urine volume(l/day) GFR(ml/min)/ KG 
 
  weeks 
  
control treated 
LS 
control treated 
LS 
0 1.20±0.12 a 1.08±0.11 a NS 2.40±0.30 a 2.30±0.17 a NS 
1 1.30±0.20 a 0.910.14 a NS 2.40±0.15 a 1.63±0.20b * 
2 1.66±0.22 a 1.29±0.15 a NS 2.50±0.50 a 1.53±0.17 a NS 
3 0.88±0.06 a 0.83±0.06 a NS 2.28±0.28 a 1.77±0.09 a NS 
4 0.95±0.10 a 0.94±0.08 a NS 2.40±0.12 a 2.20±0.10 a NS 
5 1.14±0.18 a 0.98±0.16 a NS 2.33±0.13 a 3.22±0.93 a NS 
6 1.00±0.05 a 0.99±0.03 a NS 2.33±0.23 a 3.50±71 a NS 
7 0.94±0.07 a 1.08±0.15 a NS 2.23±0.20 a 3.62±0.46 a NS 
8 0.81±0.03 a 0.83±0.17 a NS 2.25±0.17 a 2.00±0.12 a NS 
9 0.65±0.05 a 0.66±0.02 a NS 2.13±0.17 a 2.100±0.07 a NS 
                        
Table 6.12.  Effects unilateral nephrectomy on urine Na, K and urea 
 
Na(mEq/L) K(mEq/L) Urea (mg/dL) Weeks 
Control  Treated  
LS 
Control  Treated  
LS 
Control  Treated  
LS 
0 253.33±55.21a 218.50±32.45 a NS 163.33±14.81 a 173.75±45.88 a NS 2.02±0.27 a 2.63±0.55 a NS 
1 152.00±18.23 a 152.38±38.00 a NS 157.50±12.50 a 141.67±8.82 a NS 1.92±0.42 a 1.17±0.46 a NS 
2 152.00±76.00 a 171.00±24.52 a NS 110.00±30.55 a 165.00±30.62 a NS 0.78±0.32 a 1.14±0.33 a NS 
3 95.33±19.00 a 114.00±21.94 a NS 161.67±25.87 a 211.67±19.33 a NS 0.86±0.3 a 6 0.79±0.12a NS 
4 114.33±21.94 114.00±19.00 a NS 157.50±35.50 a 221.67±20.28 a NS 1.78±0.33 a 1.41±0.56 a NS 
5 112.33±12.67 a 101.33±25.33 a NS 113.33±34.80 a 143.33±34.80 a NS 1.48±0.61 a 1.06±0.12 a NS 
6 126.67±33.51 a 114.38±38.00 a NS 205.00±19.33 a 185.00±35.00 a NS 2.15±0.31 a 2.21±0.28 a NS 
7 152.00±26.87 a 180.50±32.49 a NS 131.67±28.92 a 136.67±43.43 a NS 0.88±0.12 a 1.12±0.50 a NS 
8 133.00±19.00 a 126.67±12.67 a NS 127.50±25.86 a 137.50±92.50 a NS 1.21±0.38 a 1.42±0.71 a NS 
9 164.67±12.67 a 161.50±9.50 a NS 213.33±18.55 a 253.75±8.26 a NS 1.17±0.30 a 1.85±0.57 a NS 
 
                      Means bearing same superscripts are not significantly different                          
              LS: Level of significance  
                    NS:  Not significant  
6.3.2. Effect of drinking saline water  
Table 6.13 shows the effects of drinking different concentrations 
of saline water on water consumption, food intake, Tr and BW of 
unilaterally nephrectomized (treated) and sham-operated (control) goats. 
6.3.2.1 Water consumption  
The results indicate that water consumption increased significantly 
(P<0.05) due to changing from tap water to saline water with 0.45 and 
0.9 % NaCl concentration. However, water consumption tended to 
decrease as drinking water salinity was increased to 1.5%.  
6.3.2.2 Food intake  
Drinking saline water resulted in a slight decrease in food intake of 
the two groups of goats. 
6.3.2.3 Rectal temperature and body weight  
The results of the effects of drinking water with different 
concentrations of salt on rectal temperature (Tr) and body weight (BW) 
in nephrectimized and sham-operated goats indicate insignificant 
reduction in sham-operated and uninephrectomized groups of animals. 
6.3.2.4 The effects of drinking saline water on blood constituents  
The result of the effects of drinking saline water on PCV, Hb 
concentration, serum total protein, albumin, urea and cratinine are shown 
in Table 6.14. and 6.15 
6.3.2.4.1 PCV and Hb concentration  
The results of the effects of salinity of drinking water on PCV and 
Hb concentration showed that both groups of goats exhibited a slight 
decrease when drank water with concentration of 0.9% NaCl.  
 
Table 6.13. Effects of drinking saline water on water consumption, food intake, rectal  temperature 
(Tr) and body weight (BW) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  Means values within the same column (small letters) or (same row capital letters) bearing different 
superscripts are significantly different            
      LS: Level of significance  
      * P< 0.05 
       NS: Not significant  
 
 NaCl concentration  
Tap water 0.45% NaCl 0.9% NaCl 1.5% NaCl LS 
Water 
consumption(
ml /Kg) 
Sham 
Neph 
B49.07±3.69a 
B61.32±9.33 a 
A 113.93±19.34 a 
A 92.47±11.55 a 
A 120.50±26.60 a 
A 100.83±8.66 a 
A B94.71±14.40 a 
A B89.38±4.59 a 
* 
* 
LS  NS NS NS NS  
Food 
intake.(g/kg) 
Sham A 27.21±2.81 a 
A 27.25±1.47 a 
A 28.76±3.85 a 
A 26.20±1.08 a 
A 25.70±3.15 a 
A 24.95±1.53 a 
A 25.95±4.98 a 
A 24.29±1.09 a 
NS 
NS 
LS  NS NS NS NS  
Tr..(ºC) Sham 
Neph 
A 38.05±0.24 a 
A 38.33±0.15 a 
A 38.05±0.21 a 
A B38.18±0.27 a 
A 37.75±0.14 a 
B37.68±0.14 a 
A  37.95±0.19 a 
B37,75±0.13 a 
NS 
NS 
LS  NS NS NS NS  
Sham A 21.68±1.46 a 
A 22.18±0.41 a 
BW(kg) 
Neph  
A 21.10±1.33 a 
A 22.93±0.53 a 
A 21.73±1.51 a 
A 22.98±0.44 a 
A 21.43±1.62 a 
A 21.78±0.84 a 
NS 
NS 
LS  NS NS NS NS  
Table 6.14. Effect of drinking saline water on  PCV,  Hb and serum concentrations of  total protein, 
albumin and creatinine 
Means values within the same column (small letters) or (same row capital letters) bearing different superscripts are significantly 
different            
                             LS: Level of significance   
                             * P< 0.0 
                       * * P< 0.01 
                      NS: Not significant  
NaCl concentration  Tap water 
0.45%NaCl 0.9% NaCl 1.5% NaCl LS 
PCV% Sham 
Neph 
A26.75±1.25 a 
A 27.00±1.15 a 
A 27.5±1.32 a 
A 27.00±0.91 a 
A 25.75±1.38 a 
A 26.50±0.96 a 
A 28.25±1.65 a 
A 27.25±1.70 a 
NS 
NS 
LS  NS NS NS NS  
Hb(g/dL) Sham 
Neph 
A1 0.12±0.31 a 
A 10.30±0.19 a 
A 9.75±0.61 a 
A 9.65±0.14 a 
A 9.07±0.38 a 
B9.38±0.31 a 
A 9.30±0.33 a 
B9.23±0.24 a 
NS 
* 
LS  NS NS NS NS  
Total 
protein(g/dL). 
Sham 
Neph 
A7.20±0.20 a 
A 7.38±0.06 a 
A7.35±0.18 a 
A 7.23±0.26 a 
A7.13±0.25 
A 7.27±0.22 
A7.27±0.21 a 
A 7.38±0.08 a 
NS 
NS 
LS  NS NS NS NS  
Albumin (g/dL) Sham 
Neph 
A 3.28±0.08 a 
A 3.53±0.13 a 
A 3.13±0.10 a 
B3.17±.10 a 
A 3.38±0.08 a 
B3.05±0.05 
A 3.10±0.06 a 
B3.15±0.03 a 
NS 
* 
LS  NS NS NS NS  
Sham 
Neph 
* 
* 
Urea(mg/dL) 
 
B23.35±1.03 a 
B26.00±1.78 a 
A B30.75±1.44 a 
A 34.00±1.73 a 
A 29.25±2.01 a 
A 31.25±1.18 a 
A B28.67±4.06 a 
A 30.50±1.85 a 
 
  NS NS NS NS  
Creatinie  (mg/dL) Sham 
Neph 
  
A 0.88±0.06 a 
A 0.93±0.03 a 
A 0.83±0.11 a 
A 0.73±0.13 a 
A 0.93±0.05 a 
A 0.88±0.13 a 
A 0.70±0.07 a 
A 0.80±0.09 a 
NS 
NS 
LS  NS NS NS NS  
Table 6.15. Effect of drinking saline water on  plasma glucose, serum Na, K,  osmolality and cortisol 
 
 
 
                                        
  Means values within the same column (small letters) or (same row capital letters) bearing different superscripts are significantly 
different            
                             LS: Level of significance   
                      *  P< 0.05 
                            NS: Not significant  
 
NaCl concentration  Tap water 
0.45% NaCl 0.9% NaCl 1.5 (NaCl LS 
Glucose(mg/dL ) Sham 
Neph 
A 69.50±0.65 a 
A 69.25±2.02 a 
A 66.00±2.58 a 
A B64.50±0.50 a 
A B62.75±3.54 a 
A 66.25±3.07 a 
B58.00±2.00 a 
B59.00±1.00 a 
* 
* 
LS  NS NS NS NS  
Na ( mEq/L) Sham 
Neph 
A 120.50±0.67 a 
A 122.50±1.76 a 
A 127.50±5.27 a 
A 121.75±1.70 a 
A 127.00±4.34 a 
A 122.50±2.60 a 
A 128.67±8.09 a 
A 127.25±2.43 a 
NS 
NS 
LS  NS NS NS NS  
K mEq/L) 
 
Sham 
Neph 
A 3.63±0.18 a 
A 3.80±0.01 a 
A 4.53±0.43 a 
A 4.58±0.59 a 
A 4.00±0.26 a 
A 4.15±0.31 a 
A 3.77±0.21 a 
A 3.77±0.13 a 
NS 
NS 
LS  NS NS NS NS  
Osmolality(mOs
mol/kg) 
Sham 
Neph 
A 292.67±0.88 a 
A 291.50±4.87 a 
A 284.00±4.88 a 
A 287.00±2.04 a 
A 280.00±4.16 a 
A 283.50±8.33 a 
A 288.33±12.54 a 
A 284.67±2.96 a 
NS 
NS 
LS  NS NS NS NS  
Cortisol (ng/ml) 
 
Sham 
Neph 
A 364.23±64.76 a 
A 382.40±19.34 a 
A 355.57±71.09 a 
A 317.13±73.56 a 
A 347.57±67.20 a 
A 370..67±96.39 a 
A 310.90±53.95 a 
A 295.38±88.89 a 
NS 
LS  NS NS NS NS NS 
 6.3.2.4.2 Serum total protein and albumin  
Serum total protein was not significantly affected by salinity of 
dinking water in unilaterally nephrectomized and sham-operated animals. 
However, serum albumin showed significant (P<0.05) decrease in 
unilaterally nephrectomized animals.  
6.3.2.4.3 Serum urea 
Serum urea of unilaterally nephrectomized and sham-operated 
goats increased significantly (P<0.05) with the concentration of 0.45% 
NaCl and then tended to decrease with increase in concentration to 0.9 
and 1.5% NaCl. 
6.3.2.4.4 Serum creatinine  
Serum creatinine concentration of unilaterally nephrectomized and 
sham-operated animals was not significantly changed by salinity of 
drinking water. 
6.3.2.4.5 Plasma glucose   
The results of the  effects of drinking saline water on plasma 
glucose level of unilaterally nephrectomized and sham operated goats 
showed  that plasma glucose level decreased significantly (P<0.05) with 
increase of NaCl concentration in both groups. 
6.3.24.6 Serum Na and K 
Serum Na and K concentrations of the two groups were not 
significantly affected by changing NaCl concentration in drinking water  
 
 6.3.2.4.7 Serum osmolality  
Serum osmolality was not significantly affected by salinity of 
drinking water. However, the osmolality slightly decreased with 
changing from tap water to 0.45 and 0.9% NaCl and then tended to 
slightly increase with 1.5% NaCl.  
6.3.2.4.8 Serum cortisol 
The results of serum cortisol indicate that changing from tap water 
to saline water with different concentrations of NaCl did not significantly 
affect serum cortisol level of the unilaterally nephrectomized and sham-
operated animals.  
6.3.2.5 The effects of drinking saline water on urine volume, GFR, 
urine Na, K, and urea  
The results of the effects of drinking saline water on urine volume, 
GFR, urine Na, K, and urea are shown in Table 6.16.  
6.3.2.5.1 Urine volume 
Urine volume increased significantly (P<0.05) with increase in 
concentration of NaCl from tap water to water with  0.45 and 0.9% NaCl 
concentration, but it tended to decrease significantly (P<0.05) with 1.5% 
NaCl in both groups of animals.  
6.3.2.5.2 Glomerular filtration rate (GFR)  
The GFR of unilaterally nephrectomized and sham-operated goats 
was significantly (P<0.05) increased with increasing NaCl concentration 
in drinking water. 
 
 
Table 6.16. Effect of drinking saline water on urine volume, GFR, Na, K, and urea 
 
 
NaCl concentration  Tap water 
0.45% NaCl 0.9% NaCl 1.5% NaCl LS 
Urine 
volume(l/dy) 
Sham 
Neph 
B0.65±0.05 a 
B0.66±0.02 a 
AB1.04±0.13 a 
B0.80±0.07 a 
A 1.30±0.20 a 
A 1.34±0.15 a 
A 1.25±0.15 a 
A 1.22±0.15 a 
* 
* 
LS  NS NS NS NS  
GFRml/min/kg Sham 
Neph 
C2.13±0.17 a 
C2.10±0.07 a 
BC 2.43±0.17 a 
BC 2.38±0.18 a 
AB 2.98±0.38 a 
AB2.95±0.26 a 
A3.35±0.21 a 
A 3.33±0.36 a 
** 
** 
LS  NS NS NS NS  
Na mEq/L) Sham 
Neph 
B164.67±12.67 a 
B161.50±9.50 a 
A389.50±31.81 a 
A387.00±16.09 a 
A465.00±71.19 a 
A456.00±94.93 a 
A507.75±70.14 a 
A408.25±101.08 a 
** 
** 
LS  NS NS NS NS  
K mEq/L) 
 
Sham 
Neph 
A 213.33±18.56 a 
A 253.75±8.26 a 
A 70.00±37.19 a 
B80.00±20.82 a 
A 153.33±81.10 a 
B90.00±23.63 a 
A 206.25±52.63 a 
A 208.75±53.09 a 
NS 
* 
LS  NS NS NS NS  
Urea (g/dL) Sham 
Neph 
A 1.17±0.29 a 
A 1.85±0.57 a 
A 0.98±0.14 a 
A B1.09±0.14 a 
A 0.70±0.13 a 
B0.71±0.15 a 
A 0.68±0.16 a 
B0.60±0.15 a 
NS 
* 
LS  NS NS NS NS  
 
  Means values within the same column (small letters) or (same row capital letters) bearing different superscripts are significantly 
different                                                                   
                      LS: Level of significance  
                     * P< 0.05  
                     * * P< 0.01 
                NS: Not significant     
6.3.2.5.3 Urine Na 
Urine Na was significantly (P<0.001) increased in unilaterally 
nephrectomized and sham-operated animals with increase concentration 
of NaCl in drinking water.  
6.3.2.5.4 Urine K 
The effects of drinking saline water on urine K level of unilaterally 
nephrectomized goats showed significant (P<0.05) decrease in both 
groups with 0.45 and 0.9% NaCl concentration. However, the urine K 
tended to increase with the 1.5 % NaCl concentration.  
6.3.2.5.5 Urine urea  
The urea level of uninephrectomized goats was significantly 
(P<0.05) decreased by increasing NaCl concentration in drinking water. 
However, in sham-operated goats the urea level was decreased slightly 
but not significantly. 
6.3.3 Effects of state of hydration and unilateral nephrectomy 
6.3.3.1 Effects of state of hydration on water consumption, food 
intake, rectal temperature (Tr) and body weight (Bw)  
The results of the effects of state of hydration on water 
consumption; food intake, rectal temperature (Tr) and body weight (Bw) 
are shown in Table 6.17. 
 
 
 
 
 
Table  6.17. Effect of state of hydration on water consumption, food intake,  rectal temperature (Tr )and  body 
weight (BW) 
 
 
Means values within the same column (small letters) or (same row capital letters) bearing different superscripts are significantly                                                    
   different            
    LS: Level of significance  
   * P< 0.05 
  * * P< 0.01 
   NS: Not significant  
Rehydration Dehydration Euhydration 
LS 2 1 3 2 1 1 
 
* 
* 
A152.77±19.89 a 
A152.09±17.87 a 
NS 
B93.17±43.33 a 
B35.38±15.74b 
* 
- 
- 
- 
- 
- 
- 
B89.56±14.99a 
B64.67±8.75 a 
NS 
Sham 
Neph 
 
Water consumption 
(ml/kg) 
LS 
* 
* 
A32.55±1.77 a 
A 28.00±1.82 a 
AB28.1±5.43 a 
A 25.21±1.23 a 
C14.65±4.17 a 
B14.13±3.23 a 
BC22.63±1.77 a 
A23.09±4.61 a A 
A 35.90±4.23 a 
A 28.38±1.58 a 
A 36.12±3.82 a 
A28.79±1.63 a 
Sham 
Neph 
Food intake 
g/kg/day 
 NS NS NS NS NS NS  LS 
** 
** 
A21.58±0.10 a 
A22.68±0.25 a 
A21.68±0.98 a 
A 22.90±0.32 a 
D18.58±0.96 a 
D19.50±0.51 a 
CD19.33±0.87 a 
CD20.25±0.45 a 
BC20.57±0.90 a 
BC21.25±0.39 a 
A21.80±1.00 a 
A22.50±0.35 a 
Sham 
Neph 
BW(kg) 
 NS NS NS NS NS NS  LS 
NS 
* 
A38.28±0.12 a a 
A38.33±0.19 
A38.23±0.23 a 
AB38.08±0.13 a 
A37.83±0.31 a 
B37.63±0.25 a 
A37.80±0.58 a 
AB37.80±0.15 a 
A38.28±0.57 a 
AB38.05±0.19 a 
A38.45±0.12 a 
A38.35±0.10 a 
Sham 
Neph 
Tr.(ºC) 
 NS NS NS NS NS NS  LS 
6.3.3.1.1 Water consumption and food intake   
At the end of dehydration sham-operated goats drank more water 
than uninephrectomized goats. There was significant (P<0.05) 
differences in water consumption between the two groups. 
Uninephrectomized goats did not return to initial level of water 
consumption until the second day of rehydration, while the control group 
returned to initial level in the first day of rehydration.  
During dehydration food intake was decreased significantly 
(P<0.05) in the second and third day of dehydration in both groups. By 
the end of dehydration, sham-operated goats reduced their level of food 
intake by almost 59.44% and uninephrectomized by 50.92%. Both 
groups returned to initial level of food intake in the second day of 
rehydration.  
6.3.3.1.2 Body weight (BW) 
The results of the effects of state of hydration on BW of 
unilaterally nephrectomized and sham-operated goats during 
experimental period indicate significant decrease in the first day (P<0.05) 
and in the second and third day (P<0.01) of water deprivation. At the end 
of the water deprivation, uninephrectomized goats lost about 13.33% of 
the initial body weight, while the sham-operated lost 14.77%. However, 
the control group regained almost all of their body weight loss and 
uninephrectomized exceeded it immediately after rehydration following 
rehydration. 
 
 
6.3.3.1.3 Rectal temperature (Tr) 
Rectal temperature of the two groups showed a reduction due to 
water deprivation, which was significant (P<0.05) in the 
uninephrectomized goats. 
6.3.4 Effects of state of hydration and nephrectomy blood 
constituents 
The results of the effects of state of hydration and nephrectomy on 
PCV, Hb concentration and serum concentration of total protein, 
albumin, urea and creatinine are shown in Table 6.18 and 6.19. 
6.3.4.1 Packed cell volume (PCV) 
The PCV of uninephrectomized and sham operated animals 
increased significantly in the first (P<0.05) and the second and third day 
(P<0.01) of water deprivation. After rehydration, the PCV decreased and 
it returned to the normal level by the first day in sham-operated and 
second day in uninephrectomized animals. 
6.3.4.2 Hb concentration  
The Hb concentration of uninephrectomized and sham-operated 
goats was significantly (P<0.05) increased by water deprivation. Then 
after rehydration the Hb concentration of the   two groups returned to the 
normal level in the second day. 
6.3.4.3 Serum total protein and albumin 
Serum total protein level of uninephrectomized and sham-operated 
goats showed a significant increase (P<0.05) during the second and third 
day of water deprivation period. Then after rehydration serum total 
protein level of the two groups returned to the normal level in the second 
day. However, serum albumin level exhibited a steady and slow increase  
Table 6.18. Effect of state of hydration on  PCV, Hob and serum  total protein , albumin, urea and 
creatinine . 
 
 
    Means values within the same column (small letters) or (same row capital letters) bearing different superscripts are significantly different            
      LS: Level of significance  
      * P< 0.05   
      ** P< 0.01   
     NS: Not significant  
 Rehydration Dehydration 
LS 2 1 3 2 1 
Euhydration  
** 
** 
C25.25±3.09 a 
C25.750.95 a 
NS 
C26.25±4.50 a 
B29.5±1.0 a 
NS 
A 32.75±2.21 a 
A33.0±1.41 a 
NS 
AB 30.65±3.59 a 
A31.5±0.58 a 
NS 
B 28.5±3.1 a 
AB30.25±0.50 a 
NS 
C26.0±3.3a 
C27.50±1.73a 
NS 
Sham 
Neph 
PCV  (%)  
 
LS           
         
* 
* 
AB 9.70±0.58 
AB 10.0±0.69 
AB9.50±0.58 
AB10.0±0.71 
A11.20±1.13 
A11.42±0.63 
AB10.88±0.57 
AB10.97±0.20 
B10.20±1.59 a 
B10.20±0.65 a 
B10.15±0.30a 
B10.18±0.53a 
Sham 
Neph 
Hb(g/dL) 
 NS NS NS NS NS NS  LS 
* 
* 
AB7.45±0.42 a 
A7.65±0.25 a 
B7.0±0.52 a 
AB7.33±0.06 a 
A7.78±0.57 a 
A7.95±0.33 a 
A7.50±0.62 a 
A7.88±0.29 a 
AB7.33±0.51 a 
AB7.48±0.37 a 
B7.18±0.44a 
B7.22±0.29a 
Sham 
Neph 
Total protein 
(g/dl) 
 NS NS NS NS NS NS  LS 
NS 
NS 
A3.15±0.13 a 
A3.25±0.31 a 
A3.23±0.40 a 
A3.30±0.40 a 
A3.38±0.33 a 
A3.65±0.36 a 
A3.33±0.27 a 
A3.40±0.24 a 
A3.25±0.10 a 
A3.15±0.06 a 
A3.25±0.13a 
A3.25±0.03a 
Sham 
Neph 
Albumin 
(g/dl) 
 NS NS NS NS NS NS  LS 
** 
** 
29.5±3.11 a 
32.0±4.24 a 
AB41.0±3.60 a 
AB41.5±9.19 a 
A50.0±3.27 a 
A47.75±7.5 a 
B44.25±3.40 a 
AB41.0±4.89 a 
C33.75±1.26 a 
BC33.0±0.82 a 
C32.5±1.73a 
BC33.0±1.15a 
Sham 
Neph 
Urea (mg/dl) 
 NS NS NS NS NS NS  LS 
* 
* 
 
A0.83±0.09 a 
0.85±0.58 a 
NS 
A0.86±0.12 a 
A0.87±0.20 a 
NS 
A0.87±0.13 a 
A0.95±0.19 a 
NS 
AB0.70±0.08 a 
AB0.75±0.19 a 
NS 
B0.68±0.05 a 
B0.78±0.17 a 
NS 
B0.60±0.08a 
B0.73±0.15a 
NS 
Sham 
Neph 
Creatinine  
(mg/dl) 
LS 
         
Table 6.19. Effect of state of hydration on  plasma glucose, serum Na, K, osmolality and cortisol . 
 
 
    Means values within the same column (small letters) or (same row capital letters) bearing different superscripts are significantly 
                                                                           
    different            
      LS: Level of significance  
      ** P< 0.01   
      * * * P< 0.001 
       NS: Not  significant 
 Rehydration Dehydration 
LS 2 1 3 2 1 
Euhydration  
*** 
*** 
  
64.0±3.27 a 
69.0±3.82 a 
NS 
  
72.50±5.25 a 
70.0±6.92 a 
NS 
  
34.0±10.70 a 
39.50±7.33 a 
NS 
  
51.25±6.29 a 
55.0±5.77 a 
NS 
  
52.5±6.76 a 
53.25±4.72 a 
NS 
  
66.50±4.44 a 
C64.75±2.36 a 
NS 
  
Sham 
Neph  
glucose(mg/dl) 
 
LS  
         
NS 
NS  
A117.5±2.08 a 
A118.0±2.94 a  
A124.67±3.78 a 
A121.0±8.72 a  
A125.5±5.57 a 
A122.25±1.71 a 
  
A122.7±5.03 a 
A121.5±2.12 a 
  
A126.25±6.45 a 
A124.75±5.74 a 
  
A123.75±5.38 a 
A122.50±2.08 a 
  
Sham 
Neph  
Na (mEq/L) 
  
 NS 
 
NS 
 
NS 
 
NS 
 
NS 
 
NS 
 
 LS 
NS 
NS  
A3.45±0.21 a 
A3.72±0.26 a  
A4.03±0.25 a 
A3.93±0.42 a  
A3.88±0.22 a 
A3.97± 0.21 a  
A4.07±0.76 a 
A3.63±0.29 a  
A3.85±0.93 a 
A3.75±0.10 a  
A3.95±0.40 a 
A3.97±0.20 a  
Sham 
Neph  
K ( mEq/L) 
  
 NS 
 
NS 
 
NS 
 
NS 
 
NS 
 
NS 
 
 LS 
** 
** 
B281.33±8.87 a 
B284.33±2.33 a 
B291.00±5.56 a 
B287.33±4.17 a 
A319.33±6.83 a 
A320.00±7.63 a 
AB309.33±0.66 a 
AB308.33±2.72 a 
AB303.66±2.90 a 
B298.00±3.16 a 
B287.00±8.50 a 
B290.00±4.35 a 
Sham 
Neph 
Osmolality 
 ( mOsmol/kg) 
 NS 
 
NS 
 
NS 
 
NS 
 
NS 
 
NS 
 
 LS 
NS 
NS 
A 383.26±38.11 a 
A 273.56±107.93 a 
A 398.60±43.84 a 
A 389.40±14.61 a 
A 424.06±24.39a 
A 373.90±70.10 a 
A 424.03±24.95a 
A 272.80±50.15b 
A 415.26±13.12 a 
A 269.16±61.35 a 
A 393.76±57.14 a 
A 381.30±4.10 a 
Sham 
Neph 
Cortisol (ng/ml) 
 NS 
 
NS 
 
NS 
 
NS 
 
NS 
 
NS 
 
 LS 
in response to water deprivation in the second and third day of 
dehydration.   
6.3.4.4 Serum urea and creatinine 
Serum urea level of uninephrectomized and sham-operated goats 
increased significantly in the first and second day (P<0.05) and in the 
third day (P<0.01) of water deprivation period. Whereas Serum 
creatinine showed a significant (P<0.05) increase in the second and third 
day of dehydration in groups. Following rehydration, serum urea and 
creatinine returned to normal level in the second day.  
6.3.4.5 Plasma glucose  
The plasma glucose level showed a significant (P<0.001) and 
progressive decrease during dehydration and the lowest value was 
measured in the third day in both groups. After rehydration in the both 
groups, the plasma glucose level returned to the initial value in the first 
day. 
6.3.4.6 Serum Na and K 
  No significant effects of water deprivation on serum Na or K could 
be detected in the experimental animals. 
6.3.4.7 Serum osmolality  
In both groups, serum osmolality exhibited a steady gradual 
increase during water deprivation, that was significant (P<0.01) in third 
day of water deprivation.  
6.3.4.8 Serum cortisol  
Serum cortisol exhibited unsteady pattern during water deprivation 
in both groups of animals. The results indicate significant (P<0.05) 
increase in sham-operated in the first and third day of dehydration. 
However, in both groups there was no significant difference in cortisol 
related to water deprivation. 
6.3.5 Effects of state of hydration and unilateral nephrectomy on 
urine volume, GFR and urine concentration of Na, K, and urea  
The results of the effects of state of hydration and unilateral 
nephrectomy on urine volume, GFR and urine concentration of Na, K, 
and urea are shown in Table 6.20. 
6.3.5.1 Urine volume 
In uninephrectomized and sham operated goats urine volume 
showed progressive and significant (P<0.01) decrease, which reached the 
lowest value by the third day of dehydration. No significant difference 
was detected between the two groups in urine volume, except in the last 
day of dehydration; there was significant (P<0.05) difference. After 
rehydration, both groups increased urine volume gradually and the initial 
values were restored in the second day of rehydration.   
6.3.5.2 Glomerular filtration rate (GFR) 
The GFR showed a significant decrease in the first and second day 
(P<0.05), and in the third day (P<0.01) of water deprivation in both 
groups.  After rehydration, the GFR of both groups increased gradually 
to reach the initial value by the second day of rehydration. 
6.3.5.3 Urine Na and K 
Urine Na and K of the two groupsof goats indicate no significant 
differences related to water deprivation.  
 
Table 6. 20. Effect of state of hydration on urine volume, GFR and urine concentration of Na, K, and 
urea. 
 
    Means values within the same column (small letters) or (same row capital letters) bearing different superscripts are significantly different            
     LS: Level of significance  
    * P< 0.05 
    * * P< 0.01 
   NS: Not significant  
 Rehydration Dehydration Euhydration 
LS 2 1 3 2 1 1 
 
** 
** 
A0.67±0.06a 
A0.72±0.02a 
NS 
AB0.56±0.11a 
AB0.55±0.14A 
NS 
C0.20±0.04a 
B0.34±0.02b 
NS 
BC0.34±0.09a 
B0.41±0.06a 
NS 
AB0.52±0.12a 
AB 0.53±0.06a 
NS 
A0.69±0.06 a 
A0.74±0.08 a 
NS 
       
Control 
Treated 
Urine volume 
(l/day) 
LS 
* 
* 
A2.30±0.14a 
A2.22±0.05a 
AB1.65±0.27a 
AB1.63±0.27a 
C0.90±0.15 
C1.03±0.05 
BC1.30±0.14a 
BC1.30±0.26a 
ABC1.53±0.18a 
BC1.50±0.17a 
A2.25±0.26 
A2.15±0.06 
Control 
Treated 
 NS NS NS NS NS NS  
GFR 
(ml/min/ KG) 
LS 
 
NS 
NS 
A326.00±27.18a 
A311.75±25.19a 
A316.50±60.98 
A330.50±25.17a 
A390.25±20.54a 
A383.50±33.15b 
A323.50±27.81a 
A359.75±33.30a 
A301.25±18.67a 
A340.25±29.25a 
A311.00±45.03a 
A301.25±53.69a 
Control 
Treated 
Na  (mEq/L) 
LS 
 
 NS NS * NS NS NS   
NS 
NS 
A178.00±50.18a 
A157.75±38.20a 
NS 
A223.33±12.01a 
A266.67±51.83a 
NS 
A196.25±58.21a 
A127.50±28.69a 
NS 
A275.00±50.00a 
A191.67±87.62a 
NS 
A173.75±35.90a 
A263.75±47.89a 
NS 
A165.00±48.93a 
A138.75±41.25a 
NS 
 
Control 
Treated 
NS 
* 
A1.06±0.33a 
A1.23±0.22a 
NS 
A1.56±0.36a 
A1.68±0.41a 
NS 
A1.27±0.43a 
B0.55±0.07a 
NS 
A1.74±0.26a 
A1.80±0.15a 
NS 
A0.82±0.52. a 
A1.12±0.22a 
NS 
Control 
Treated 
K (mEq/L) 
 
LS 
 
 
 
Urea (g/dL) 
LS 
     
A0.62±0.22a 
AB1.06±0.27a 
NS 
   
6.3.5.4 Urine urea 
  Urine urea concentration of unilaterally nephrectomized and sham- 
operated goats showed marked fluctuation during water deprivation, but 
there was no significant difference related to nephrectomy. 
6.4 Discussion 
           The present study was conducted to determine the effects of 
unilateral nephrectomy on some morphological and histological 
measurements, blood constituents, and renal functions of Nubian goats. 
In addition, it was intended to examine the effects of drinking saline 
water and state of body hydration in nephrectomized and sham-operated 
goats. It worth noting that the effects of unilateral nephrectomy have 
been investigated in many species, but there is lack of information 
regarding studies performed in goats. Therefore, the current study could 
be considered the first study presenting is systematic approach to 
responses of goats to unilateral nephrectomy. Also assessment of the 
effects of subtotal nephrectomy and unilateral nephrectomy on 
physiological responses of mammals has not been investigated 
previously. The studies reported here managed to present a goat model 
regarding the responses to salinity and state of body hydration 
conducting inducive of marked alternations in renal function. 
The weight of the right kidney was significantly increased in the 
nephrectomized animals compared to sham-operated animals (Table 6.2). 
Douglas-Denton et al. (2002) reported an increase in the weight of the 
contralateral kidney of sheep.  
The ultrasonographic measurements indicate that the volume of the 
remaining kidney in uninephrectomized goats was increased significantly 
after removal of the other kidney (Table 6.3). After 3 weeks of surgery, 
the volume increased by 83.16 % compared with the volume of the 
kidneys of the control (sham- operated). After three months of the 
operation the volume of treated animals increased by 56.45% compared 
with the volume of the kidneys of the control (sham- operated) (Table 
6.4). This enlargement in the remaining kidney could be associated with 
various growth factors and cytokine stimulated by reduction in renal 
mass (Flyvbjerg et al., 1999). Renal volume determination by 
sonography has shown a 20%-100% increase in the remaining kidney 
volume in human (Gudinch et al., 1994 and Gomez-Anso et al., 1997). 
Chen et al (2005) in a study of unilateral nephrectomy in mice concluded 
that loss of functioning nephrons stimulates the growth of residual kidney 
tissue to augment work capacity and maintain normal renal function. This 
growth largely occurs by hypertrophy rather than from hyperplasia of the 
remaining nephrons. Chen et al. (2005) noted that the signaling 
mechanisms that increase RNA and protein synthesis during 
compensatory renal hypertrophy are unknown; the study indicated that 
the remaining kidney hypertrophied 42% by day 16 after unilateral 
nephrectomy.  
Compensatory renal growth after unilateral nephrectomy is a 
phenomenon well documented in humans (Schmitz et al., 1989) and. 
rodents (Flyvbjerg et al., 1999). Reduction of renal mass by unilateral 
nephrectomy results in an immediate increase in RBF to the remnant 
kidney, followed by compensatory renal hypertrophy (Sigmon, 2004).  
The results of histological investigation showed a significant 
increase in diameters of glomerulus, proximal and distal tubules, and 
decrease in the Bowman space of the remnant kidney, compared with 
control (sham-operated). The diameter of glomerulus, proximal and distal 
tubules increased, whereas Bowman space decreased (Table 6.4). This 
increase in the diameter of nephron component may accompany the 
enlargement and the hypertrophy that occurred in the weight and size of 
the remaining kidney.  Hypertrophy of the renal tubular cells, especially 
those of the proximal tubule accounts for the majority of the increase in 
kidney size that follows partial removal of renal mass (Fine, 1985).  
The results of relative medullary thickness (RMT) (Table 6.5) 
indicated significant increase due to unilateral nephrectomy. The RMT of 
nephrectomized kidney increased by 21.88% compared with the RMT of 
the kidneys of the control (sham- operated). This increase in RMT may 
be attributed to the hypertrophy that accompanied treduction of renal 
mass.  
 The capacity of the kidney to concentrate urine and its ability to 
reduce urinary water loss during dehydration is directly related to the 
RMT. The greater the RMT, the longer the loop of Henle relative to the 
size of the kidney and the greater the ability of the kidney to reabsorb 
water. In Australia, Dunson (1974) reported that the RMT of feral goats 
from Queens Lands Esk Island was greater than the RMT of domestic 
Australian goats that in turn had a greater RMT than domestic lambs. 
Burke (1990) found no unusual morphological effects on the goats’ 
kidneys resulting from drinking seawater. These goats had RMT less 
than those measured by Dunson but greater than Greenwald’s Swiss 
dairy goats.  
In the present, study the statistical analysis showed insignificant 
difference in water consumption, BW, and rectal temperature (Table 6.6) 
between the sham-operated and uninephrectomy groups of goats. 
Previous studies showed that, despite prolonged hyperfiltration, remnant 
kidney function remained normal and did not deteriorate during long-
term (> 20 yrs) follow-up in nephrectomized patients (Higashihara et al., 
1990; Regazzoni, et al., 1998). Thus, compensatory hyperfiltration 
appears to be a biological adaptation to a variety of renal challenges that 
is not associated with increased risk of chronic kidney disease in healthy 
individuals.  
The results of present study in (Tables 6.7, 6.8) showed that there 
were no significant effects of unilateral nephrectomy on erythrocytes, 
count, Hb concentration and PCV, serum total protein, albumin and 
osmolality. This may be expected since unilateral nephrectomy does not 
alter normal renal function.  
In the current, study the results of the effects unilateral 
nephrectomy on serum urea and plasma glucose level indicated no 
significant differences between sham-operated and uninephrectomized 
animals (Table 6.8). This indicates that the remnant kidney performed a 
proper function and there were no adverse effects. Drukker (2001) 
concluded that in humans after uninephrectomy, the adverse effects of a 
kidney donation are rather minimal.  
Serum creatinine results in the present study showed a significant 
increase in uninephrectomized goats compared to sham-operated goats 
(Table 6.8). The increase was pronounced in the first three weeks. This 
finding agrees with Najaria et al. (1992) who stated that in the remnant 
kidney the serum creatinine level usually increases up to 20% above 
baseline, remaining within the normal range. 
The results indicate that the serum Na and K and cotisol were not 
affected by removal of one kidney; the statistical analysis showed no 
significant differences between sham-operated and uninephrectomized 
animals (Table 6.10).  In spite of the known functional and structural 
changes after nephrectomy, donor renal kidney the function remains 
stable for many years after renal donation (Anderson et al., 1991; 
Regazzoni et al 1998). 
Urine volume and GFR showed slight changes related to 
uninephrectomy (Table 6.11). The results indicate that there was a slight 
decrease in urine volume of uninephrectomized  goats compared with 
sham-operated animals in the first week. The GFR of uninephrectomized 
animals exhibited a significant decrease in the first week and a slight 
decrease in the next two weeks, compared with sham-operated animals. 
These changes may be attributed to functional and structural changes 
after nephrectomy (Anderson et al., 1991; Regazzoni et al 1998). 
Creatinine clearance was significantly lower in donors when compared to 
siblings (Kirkham, 2004-2005). Nephrectomy in normal functioning 
feline kidneys results in a modest relative reduction in renal function 
(Bolliger et al., 2005). 
The results of the current study showed insignificant effects of 
uninephrectomy (Table 6.12) on urine Na, K and urea. Kirkham (2004, 
2005) noted that no evidence for renal dysfunction in kidney donors as 
compared to sibling controls. 
In the present study, the results indicate that the responses of 
sham-operated and uninephrectomized animals to salinity of drinking 
water (changing from tap water to 0.45, 0.9 and 1.5%) were similar to the 
responses of intact animals in blood constituents and renal function that 
were investigated in chapter three.  
In the present study the responses of sham-operated and 
uninephrectomized animals to water deprivation were similar to the 
responses of intact animals to water deprivation in blood constituents and 
renal function that were presented in chapter four.  
6.5 Summary 
1. The effects of unilateral nephrectomy on some morphological and 
histological variables, renal function and blood constituents were 
evaluated in Nubian goats. Also the effects of uninephrectomy on 
the responses to drinking saline water and dehydration were 
assessed. 
2. The weight of the contralateral  kidney was significantly increased 
in the nephrectomized animals compared to sham-operated 
animals. 
3. Ultrasonographic measurements indicated significant increase in 
the volume of the remaining kidney as a result of compensatory 
renal growth. 
4. Unilateral nephrectomy resulted in a significant increase in the 
diameters of nephron components (glomerulus, proximal and distal 
tubules) and decrease in bowman space   as a result of 
compensatory renal growth. 
5. Unilateral nephrectomy resulted in significant increase in RMT. 
6. No significant difference could be detected between un-
inephrectomized and sham-operated goats related to unilateral 
nephrectomy on water consumption, body weight and rectal 
temperature throughout the experimental period. 
7. Erythrocytic series RBCs count, PCV, and Hb concentration were 
not significantly affected by unilateral nephrectomy. 
8. Unilateral nephrectomy did not significantly affect serum total 
protein, albumin and osmolality. 
9. Serum creatinine increased significantly in uninephrectomized 
goats particularly in the first three weeks compared to sham-
operated group. 
10. Urine volume decreased slightly in uninephrectomized goats in the 
first weeks compared to sham-operated. 
11. The GFR in uninephrectomized goats significantly decreased 
compared to sham-operated. 
12. Drinking saline water significantly increased water consumption at 
concentration of 0.45, 0.9 % (NaCl) and slightly decreased food 
intake in normal and uninephrectomized goats. 
13. Increase in drinking water salt load slightly reduced rectal 
temperature and body weight of uninephrectomized and sham-
operated animals. 
14. The PCV and Hb concentration of the two groups slightly 
decreased by drinking saline water.   
15. Serum urea level increased with 0.45% NaCl and then tended to 
decrease slightly with 0.9 and 1.5% NaCl.  
16. Plasma glucose level decreased significantly with increasing   
NaCl concentration in drinking water in both groups. 
17. Serum Na and K were not significantly affected by increasing 
NaCl concentration in drinking water. 
18. Serum osmolality was slightly decreased with changing from tap 
water to water with concentrations of 0.45 and 0.9% NaCl and 
then tended to slightly increase with concentration of 1.5% NaCl.  
19. Drinking saline water did  not significantly affect serum cortisol of 
unilaterally nephrectomized and sham-operated animals.  
20. Urine volume significantly increased by increasing concentra-tion 
of NaCl in drinking water (0.45 and 0.9% NaCl), but it tended      
to decrease in the concentration of 1.5% NaCl in of un-
inephrectomized and sham-operated animals.   
21. GFR was significantly increased by drinking saline water in 
uninephrectomized and sham-operated animals.  
23. Urine Na increased significantly with increase concentration of 
NaCl in drinking water inuninephrectomized and sham-operated 
animals.  
24. The effects of drinking saline water on urine K level of 
uninephrectomized and sham-operated animals showed significant 
decrease with 0.45 and 0.9% NaCl concentration. However, level 
of urine K tended to increase with the concentration of 1.5 % NaCl 
concentration.  
25. Urine urea level of unilaterally nephrectomized goats was 
significantly decreased by drinking saline water compared to 
sham-operated group. 
26. Water consumption and food intake showed significant decrease 
during water deprivation. By the end of dehydration the sham-
operated animals group reduced their level of food intake by 
59.44% and nephrectomized group by 50.92%. 
27. Dehydration significantly decreased BW of uninephrectomized 
and sham-operated, by the end of the dehydration period, 
uninephrectomized goats lost about 13.33% of the initial BW, 
while the sham-operated group lost about 14.77%. However, 
sham-operated group regained almost all of their BW loss and 
uninephrectomized exceeded it after few hours following 
rehydration. 
28. Rectal temperature of uninephrectomized and sham-operated 
animals showed a slight reduction related to water deprivation, 
which reached significant level in the uninephrectomized group. 
29. The PCV and Hb concentration in uninephrectomized and sham-
operated animals progressively and significantly increased during 
water deprivation. 
30. Serum total protein of uninephrectomized and sham-operated 
animals showed a gradual and significant increase during water 
deprivation period.  
31. Serum albumin in uninephrectomized and sham-operated animals 
exhibited a slow increase in response to water deprivation in the 
second and third day of dehydration. 
32. Serum urea and creatinine increased significantly and 
progressively with increase of deprivation period in 
uninephrectomized and sham-operated animals. 
33. Plasma glucose level progressively and significantly decreased 
during dehydration in uninephrectomized and sham-operated 
goats.  
34. Serum osmolality in uninephrectomized and sham-operated 
animals increased significantly during water deprivation. 
35. Serum cortisol exhibited unsteady pattern due to water deprivation 
in uninephrectomized and sham-operated animals. 
36. Urine volume and GFR of unilaterally nephrectomized and sham- 
operated goats were progressively and significantly decreased 
during dehydration.  
37. Urine Na and K concentrations of uninephrectomized and sham-
operated goats indicated no significant differences related to water 
deprivation.  
38. Urine urea concentration of unilaterally nephrectomized and sham- 
operated goats showed marked fluctuation during water 
deprivation. 
 
 
 
 
CHAPTER SEVEN  
GENERAL DISCUSSION AND CONCLUSIONS 
                                             
In this thesis, a series of experiments have been performed to 
investigate the effects of salinity of drinking water, state of hydration, 
dietary protein level and unilateral nephrectomy on physiological 
responses of goats. In chapter three the effects of drinking saline water on 
blood constituents and renal function were studied. Chapter four included 
the evaluation of the effects of state of hydration on blood constituents 
and renal function. Chapter five  depicted the assessment the effects of 
increasing dietary protein level on blood constituents and renal function. 
Chapter six reported the physiological responses of goats to 
uninephrectomy and presented a systematic account of the effects of 
uninephrectomy on the responses to salinity of drinking water and 
alternations of state of body hydration.  
drinking saline water tended to increase water consumption, but the  
increase was not significant. in intact goats (Table 3.2), however, it was 
significant in unilaterally nephrectomized and sham-operated goats 
(Table 6.13). This increase is related to stimulation of the hypothalamic 
region, which is affected by Na concentration in the extracellular fluid 
and the plasma osmolality. Houpt (2004) indicated that when hypertonic 
NaCl solution is administered intravenously in sheep, water will begin to 
shift into the plasma and increased osmolality of the extracellular fluid 
(ECF), which leads to increase drinking water. Reece (2004) reported 
that the plasma osmolality is maintained within narrow limits by 
appropriate adjustments of water intake and excretion. These adjustments 
are governed by centres in the hypothalamus that influence both secretion 
of ADH which reduces water excretion and thirst which stimulates water 
intake. 
The current studies reported that when goats dehydrated to about 
78% (deprived for 3 days) of their initial BW, they drank immediately a 
volume of water accounting to 31% of their dehydrated body weights 
within 15 minutes of rehydration (Table 4.2). Similar findings reported 
for Aardi goats (A El-nouty et al., 1990; Alamer, 2003) and for black 
Bedouin goats (Choshniak et al., 1984; Maltz et al., 1984). Water 
balance is controlled primarily by ADH and by the thirst mechanism. 
ADH activates the formation of aquaporin-II, which increases the water 
permeability of the collecting duct in the kidney and water then leaves 
the renal tubules by osmosis (Nielsen et al., 2002; Nielsen et al., 2007). 
Hypovolaemia can also stimulate thirst and ADH release, but this 
mechanism is less sensitive than the osmotic stimulus. In intermittently 
watered goats, an increase in plasma osmolality was associated with 
increase in plasma ADH concentration and a decrease in urinary water 
loss (Mengistu, 2007).   
Dietary protein level is essential factors in the nutrition of mammals. 
In the present study, increasing dietary protein level in Nubian goats 
(chapter 5) significantly increased water consumption (Table 5.3). This 
increase is associated with the need for fermentation, digestion. Excretion 
of nitrogenous waste products. Also it is attributed to an increase in 
obligatory water loss of urine due to increase in nitrogen intake. This 
probably affected the osmotic pressure of extracellular fluid, thus 
involving thirst centre (McIntyre, 1970). This would have produced an 
extra increase in water intake, thus reducing the circulating ADH and 
causing fall in urea and water absorption from the kidney tubules. This 
would have facilitated the excretion of urea and comparatively large 
volume of urine. Similarly, Scottish sheep significantly increased their 
water consumption with increasing dietary crude protein level (Frobes, 
1968). Ahmed (1989) reported similar results in desert sheep. Water 
consumption did not significantly affected by unilateral nephrectomy 
(Table 6.6).  
The regulation of food intake in animals is generally associated 
with various factors. The food intake was influenced by treatments 
imposed on goats. Drinking saline water resulted in a significant decrease 
in food intake of the goats (Table 3.2). This response in the present study 
may be attributed to the effect of saline water on the rumen micro flora 
and saliva secretion. Food intake during a meal can be limited by the rise 
in osmolality of ruminal fluid, which is sensed in the wall of the rumino-
reticulum (Cartes and Grovum, 1990). Similar findings reported by 
(Wilson, 1966; Phillips et al. 1981; Eltayeb, 2006). However, in the 
current study water deprivation resulted in 93.2% reduction in food 
intake by the end of the third day. The fall in food intake during periods 
of water shortage can be viewed as an adaptive measure employed by 
animals inhabiting desert and arid areas for conserving body water. The 
great extent of fall in food intake seen in this study may be attributed to 
great water conservation that was associated with digestion, water 
excretion in urine and faeces. Many others observed highly and 
pronounced decline in food intake in goats due to water deprivation (El-
nouty et al., 1990; Aganga, 1992, 2000; Alamer, 2003). However, in the 
present study significant decrease in food intake was observed with 
increasing dietary protein level (Table 5.3). This increase in food intake 
may be attributed to palatability of the ration composition of the low 
level protein  
In the current studies, the body weights of the experimental 
animals were affected by some of the treatments. The maintenance of 
body weight usually reflects the high tolerance of animals to the specific 
treatments. The results of the present study indicate that there was no 
significant effects in body weight (BW) related to drinking saline water 
(Table 3.3). Wilson (1966) and El Gawad (1997) reported similar results. 
Water deprivation significantly reduced BW of goats (Table 4.2). The 
mean BW loss was about 22.2%. Goats regained their initial BW values 
within the first day of rehydration. Also uninephrectomized goats by the 
end of three days water deprivation, tended to lose about 13.33% of their 
initial BW, while sham-operated goats lost about 14.77% (Table 6.17). 
BW loss associated with water deprivation can be attributed to reduction 
in food and water intakes together with loss of total body water. 
Therefore, water loss from various body fluids compartments accounted 
for most of the losses in body mass associated with water restriction. 
Previous studies showed that the BW decreased with water deprivation in 
goats (Adola-Bessa and Aganga, 2000). El-Hadi (1986) noted losses of 
Bw and total body water in water deprived sheep and goats. However, 
black Bedouin goats were reported to lose 20% of their BW within three 
days of total water deprivation under moderate summer conditions 
(Maltz et al., 1984). In the current study increased dietary protein level 
significantly decreased BW of goats (Table 5.3). This may be attributed 
to the dependence of animal on protein for its energy requirements.  
Recent trends in weight loss diets have led to a substantial increase in 
protein intake by individuals. As a result, the safety of habitually 
consuming dietary protein in excess of recommended intakes has been 
questioned (Martin et al., 2005).  
          Thermoregulation is the ability to maintain a stable body 
temperature while exposed to various environmental factors. The results 
reported in the studies indicate that thermoregulation was influenced by 
the experimental treatments. Increase in rectal temperature (Tr) due to 
dehydration induced hyperthermia observed in goats in the last day of 
water deprivation (Table 4.2). It is recognized that water-deprived goats 
reduce their thermoregulatory evaporation and therefore allow their body 
temperature to be elevated presumably to help the water conservation 
mechanism. Aardi goats increased their rectal temperature by 1.3 °C 
following four days of complete water deprivation during summer (El-
nouty et al., 1990). However, the current results demonstrated that 
increased dietary protein level was associated with a slight increase of 
rectal temperature (Table 5.3). This may be attributed to heat balance in 
animals, which may be influenced by the high level of crude protein 
(specific dynamic action of food or heat increment). Similar results were 
observed in desert sheep (Ahmed, 1989).  
The experimental treatments in this  studied indicate that some of 
the blood constituents were be affected by some factors . The PCV and 
Hb reflect the nutritional status and could be associated with state of 
body hydration and drinking saline water. The effect of drinking saline 
water on PCV showed a decline from the first week of the experiment 
until it reached its lowest value in the 4th week then it began slightly to 
increase (Table 3.3). The observed decline in PCV may be due to 
haemodilution, which occurred as a result of the increase in water 
consumption (Table 3.2). Also this decline may be attributed to the 
decrease in food intake by the treated group (Table 3.2). Eltayeb (2006) 
reported marked decrease in the PCV for the groups of goats receiving 
1.2 and 1.6% NaCl in drinking water compared to control group.  
Water deprivation resulted in a significant increase in PCV (Table 
4.3). Abdelatif (1978) indicated that the changes which occur in the 
blood constituents in Desert sheep and Nubian goats were modulated 
mainly by haemoconcentration following dehydration. An increase in 
PCV following water deprivation was reported in goats by Hassan (1989) 
and Alamer (2003). water deprivation may  induce haemoconcentration, 
since blood as well as plasma volumes were reduced during water lack in 
goats and sheep (Maltz et al., 1984; Ismail et al., 1996) as a consequence 
of water loss in total body water (El-Hadi, 1986; Degen and Kam, 1992). 
Changes in plasma volume during dehydration can be assessed indirectly 
utilizing the increase in PCV (Boyd, 1981). The observed increases in 
PCV and plasma osmolality are signs of a reduced plasma volume in 
response to water restriction (El-Hadi, 1986). In addition, the rumen 
water volume was certainly reduced, and this presumably accounted for a 
major part of the total water loss. Use of gut water helps to attenuate the 
rise in blood plasma osmolality during dehydration (Silanikove and 
Tadmor, 1989).  
         The serum concentrations of total protein and albumin were not 
affected by drinking saline water (Table 3.3). This result could be related 
to the fact that the haemodilution that occurred as a result of increased 
water consumption by the goats has been counterbalanced by the effect 
of haemoconcentration that resulted from increase in evaporative water 
loss. Meintjes and Engelbrecht (2004) observed that total protein was not 
affected by high salt concentration, suggesting that there was neither 
haemoconcentration nor haemodilution with the change to saline water. 
However, serum total protein and albumin gradually and significantly 
increased in response to water deprivation (Table 4.3). The increase in 
serum total protein and albumin levels is related mainly to 
haemoconcentration as mentioned before. Khan (1978) reported that 
when water was deprived from the Barmer goats for four days, the total 
plasma proteins, plasma globulins and albumin concentrations were 
increased. Alamer (2003) reported similar results in local goats of Saudi 
Arabia. But the increase dietary protein level was not associated with a 
significant difference in serum total protein and albumin (Table 5.4). 
This means that there was neither haemodilution nor haemoconstriction 
due to changing dietary protein level. This means that plasma volume 
could not be affected by changing dietary protein level. 
 Serum total protein and albumin were not significantly affected by 
uninephrectomy (Table 6.8). This expected since unilateral nephrectomy 
does not alter normal renal function.  
In the present results, drinking saline water resulted in a decrease 
in the serum urea level of the treated group (Table 3.3). Abou Husien et 
al. (1994) concluded that sheep and goats control salt load while drinking 
saline water by excreting more urine and increasing the GFR in order to 
reduce the high salt load resulting from high consumption of saline 
water. This had the effect of making as much urea available to nephron 
tubule, which lead to lower the concentration of urea in plasma (Meintjes 
and Engelbrecht, 2004). However, water deprivation induced a 
significant rise in serum level of urea in the present investigation (Table 
4.3). Similar results also were reported in goats and sheep (Laden et al., 
1987; Abdelatif and Ahmed, 1994; Alamer 2003). A decline in urinary 
total nitrogen and urea output was seen in connection to water 
deprivation (More, 1982; Musa et al., 1983; Brosh et al., 1987), which 
resulted in an increase in nitrogen retention. Short periods of water 
deprivation in goats and sheep can improve nitrogen balance (Silanikove, 
2000) by increasing urea recycling; increase of transport of urea from 
blood to the rumen, particularly with low quality feeds (Musa et al., 
1983). The decline in the rate of urea excretion associated with water 
restriction (Musa et al., 1983) is expected since a general reduction in 
glomerular filtration rate is evident in water-deprived sheep (Ghosh et 
al., 1976). This increase in urea level may be related partially to 
antidiuretic hormone (ADH). Olsson and Dahlborn (1989) reported that 
water deprivation increased ADH in goats and this would have opposed 
urea loss, as ADH promotes urea reabsorption (Meintjes and 
Engelbrecht., 2004). Also it could be associated with an increase in 
catabolism of body protein (Houpt, 2004). 
Serum urea increased significantly and progressively with 
increasing protein level in diet (Table 5.4). The high value obtained with 
high protein diet could be related to increase in ruminal NH3 levels due 
to increasing protein level in diet. Similar results obtained in sheep 
(Tagari et al., 1964; Abou Akkada and Osman, 1967; Ahmed, 1989). In 
ruminants, protein deprivation causes effective conservation of urea by 
the kidneys. This involves a decrease in urea concentration of blood 
plasma, a corresponding decrease for urea filtered at the glomeruli, and 
an enhancing of tubular reabsorption of urea (Harmeyer and Martens, 
1980). In the current study, unilateral nephrectomy had no significant 
effect on serum urea (Table 6.9). This indicates that the remnant kidney 
performed a proper function and there were no adverse effects. Drukker 
(2001) concluded, after uninephrectomy, the adverse effects of a kidney 
donation are rather minimal.  
Creatinine is an end product of muscle metabolism, and its 
production is rather constant and only slightly affected by some factors. 
In the current study, serum creatinine increased significantly in 
dehydrated goats compared to control goats (Table 4.3).  Almost a 
similar rate of increase was observed in local goats of Saudi Arabia 
(Alamer, 2003) and in Awassi sheep after 5 days of water withhold 
(Laden et al., 1987). However, Abd El-atif et al. (1997) reported a 
moderate increase in plasma creatinine following 3 days of water 
restriction in Barki sheep. The accumulation of creatinine in plasma 
might be a consequence of a general reduction in urinary excretion rate 
during water deprivation as reported in sheep (More, 1982). The increase 
in plasma creatinine might also be related to changes in clearance rate, 
since the endogenous creatinine clearance rate was found to be closely 
correlated to GFR in sheep (Nawaz and Shah, 1984). Thus, plasma 
creatinine can be used as an indicator of GFR in domestic animals 
(Finco, 1997). As adjustments to water balance during water lack, the 
goats reduced their GFR, which eventually resulted in a reduction of 
urine volume. Therefore, the rise in serum creatinine could be related to 
the maintenance of renal function at a lower level, which consequently 
reduces the clearance rate of serum creatinine. However, serum 
creatinine decreased significantly with increasing level of protein in diet 
(Table 5.4). Similar results were obtained by Valtonen et al. (1982) who 
reported that reduction of protein intake in goats was associated with  
significant increase in plasma creatinine concentration. Serum creatinine 
showed significant increase in uninephrectomized goats compared to 
sham-operated goats. (Table 6.9). This increase was pronounced in the 
first 3 weeks. This finding agreed with Najaria et al (1992) who stated 
that in the remnant kidney the serum creatimne level usually increases up 
to 20% above baseline, remaining within the normal range. 
There are indications in this study, that some experimental 
treatments may influence plasma glucose level. The plasma glucose level 
was slightly affected by drinking saline water (Table 3.3). There was a 
slight decrease in the level of glucose of treated group compared with 
control group.This reduction in glucose level may be attributed to 
decrease in food intake by treated group. Assad and Elsherif (2002) 
reported that the decrease in plasma glucose level could be related to the 
fact that increase in salinity of drinking water was associated with 
decrease in food intake. However, water deprivation did not induce any 
significant changes in plasma glucose level (Table 4.3). Previous studies 
could not find any significant changes in glucose in response to water 
restriction (Singh et al., 1982; Igbokwe, 1993; Alamer, 2003). However, 
Abdelatif and Ahmed (1994) reported a decline of 13% in plasma 
glucose of Sudanese desert sheep watered every 72 hours. The fall in 
food intake that accompanied water restriction could presumably result in 
a fall in plasma glucose level. However, it seems that the fall in plasma 
glucose level did not necessarily parallel that of food intake (Singh et al., 
1982). In the current study, the great extent of food intake reduction was 
not accompanied by a similar trend in plasma glucose.  
The results obtained in this investigation indicated that no 
significant changes in serum Na and K levels could be detected in 
response to water deprivation (Table 4.3). Khan (1978) reported that the 
plasma Na and K remained unchanged throughout the water deprivation 
regime in Barmer goats. Similar results were obtained by Cole (2000) in 
sheep, who reported that food and water deprivation for 72 hrs had no 
significant effect on plasma Na, and K concentrations, compared with 
hydrated control animals. Similarly, plasma K level was not affected in 
water-deprived sheep (Igbokwe, 1993). Serum Na and K levels were not 
affected by uninephrectomy; the statistical analysis showed no significant 
differences between sham-operated and unilaterally nephrectomized 
goats. This may be attributed to the efficiency of the remaining kidney to 
perform functions (Table 6.10). Pervious studies indicated that in spite of 
the known functional and structural changes after nephrectomy, donor 
renal, kidney, function remains stable for many years after renal donation 
(Anderson et al., 1991; Regazzoni et al 1998).   
 Water deprivation in goats resulted in a significant progressive 
rise in serum osmolality (Table 4.3). An increase in plasma osmolality 
due to water restriction was observed in studies on goats (El-nouty et al., 
1990), and sheep (Degen, 1977; Laden et al., 1987). The increase in 
plasma osmolality is likely to be caused by the increase in colloid 
osmotic pressure related to increase in concentrations of serum total 
protein and albumin. The observed rise in plasma osmolality during 
water restriction contributes largely to the maintenance of plasma volume 
by encouraging water movement from the interstitial fluid into the 
vascular system. However, no changes differences could be detected in 
serum osmolality due to increase protein level in diet (Table 5.4), and 
unilnephrectomy (Table 6.8). 
  Serum cortisol showed inconsistent pattern in response to water 
deprivation, however, there was a significant decrease in control group 
compared to treated value (Table 4.3).  
 Total urine volume (24 hr) produced by goats which had been 
exposed to the salt load, was significantly higher than that of control 
group (Table 3.4). This large volume of urine voided per day 
corresponded to the increase in water intake by treated animals to get rid 
of excess salt. Large water volume slightly decreased serum osmolality, 
increased extracellular fluid, decreased ADH, which decreased 
permeability for water. This leads to decrease urea recycling, decrease 
water reabsorption increase urine flow. However, water deprivation 
decreased total urine volume (24 hr) significantly (Table 4.4) during the 
treatment period. This reduction in total urine volume of dehydrated 
goats is a result of physiological regulatory mechanisms that regulate 
total body water. In this situation of dehydration, the kidneys play a 
major role in controlling water loss through regulation of urine volume in 
response to certain hormones (ADH, aldosterone, and ANP).  Urine 
volume was significantly increased with increase protein level in diet 
(Table 5.5). The urine output increases with increase in nitrogen intake 
probably as a result mainly of the osmotic effect of urea in the kidney 
tubule (McIntyre, 1970).  
Urine volume and GFR showed a slight change in response to 
uninephrectomy (Table 6.11). The results indicated that, in 
uninephrectomized goats there was a slight decrease in urine volume, 
compared with control, in the first week after operation. These changes 
may be attributed to functional and structural changes after nephrectomy 
(Anderson et al.,1991 ; Regazzoni et al 1998). Creatinine clearance was 
significantly lower in donors when compared to siblings (Kirkham , 
2004, 2005). Nephrotomy in normal functioning feline kidneys resulted 
in a modest relative reduction in renal function (Bolliger et al., 2005). 
The studies indicate that drinking saline water was associated with 
highly significant increase in the GFR (Table 3.4). Abou Husien et al. 
(1994) concluded that sheep and goats control salt load while drinking 
saline water by excreting more urine and increasing the GFR in order to 
reduce the high salt load resulting from high consumption of saline 
water. Water deprivation significantly decreased GFR in goats (Table 
4.4). Allowing animals to drink at the end of dehydration period resulted 
in a gradual increase in the GFR. The rise in plasma creatinine level 
could be related to the maintenance of renal function at a lower level, 
which consequently reduced the clearance rate of plasma creatinine. The 
GFR was maintained below hydration levels during water deprivation of 
Nubian goats. In the present study, the increase in protein level in diet 
significantly increased the GFR. An increase in the GFR appears to have 
played a major role in increasing the excretion of urea and decreasing its 
conservation when high protein feeds were fed to the goats.  Both acute 
and chronic increases in protein consumption increase the GFR (Bilo et 
al., 1989; Tuttle et al., 2002). Mammals fed acute and chronic high 
protein diets exhibit increases in GFR and renal blood flow (Singer, 
2003). A high protein intake increases GFR (Michaelsen, 2000). Normal 
animals demonstrated approximately 30% increase in GFR in response to 
the protein bolus (Levine et al,. 1986). 
There was a significant increase in urine Na concentration with 
drinking saline water (Table 3.4). The increase that occurred in urine Na 
concentration may be related to increase in GFR and excretion of Na. 
This result is in agreement with the findings reported by Potter (1968) 
and Godwin and Williams (1986) who indicated that in sheep drinking 
saline water caused an increase in both GFR and excretion of Na, and 
with the findings of Meintjes and Engelbrecht (2004) reported that during 
the phases of salt loading, natriuresis was obligatory for homeostasis. 
There was also a need to excrete the excess water taken in when saline 
water was the only source of drinking water available.  
Urine K concentration water was significantly decreased related to 
drinking saline water (Table 3.4), compared to control goat’s level. This 
reduction may be due to K excretion in diluted urine induced by salt 
diuresis. 
The urine urea concentration increased significantly in goats with 
increasing the length of water deprivation (Table 4.4). Following 
rehydration, the urea level tended to rise; it reached the control level in 
the second day. Urine urea concentration increased significantly with 
increasing the protein level in diet (Table 5.5). The quantity of urea 
excreted by kidneys is affected by plasma concentration, which 
influences the filtered urea load. The amount of ingested nitrogen 
determines the urea concentration if other factors are kept constant 
(Preston 1965).  
The weight of the right kidney was significantly increased in the 
nephrectomized animals compared to sham-operated animals (Table 2). 
Douglas-Denton et al. (2002) reported an increase in the weight of the 
remaining kidney of sheep.  
Ultrasonographic measurements indicated that the volume of the 
contralateral kidney in uninephrectomized goats was increased 
significantly after removal of the left kidney. After 3 weeks the volume 
of the right kidney increased by 83.16 % compared with the volume of 
the kidneys of the control (sham- operated). After three months of the 
operation the volume of  the kidney of uninephrectomized animals 
increased by 56.45% compared with the volume of the kidneys of the 
control (sham- operated) (Table 6.1). This enlargement in the remaining 
kidney may be due to various growth factors and cytokine stimulated by 
reduction in renal mass (Flyvbjerg et al., 1999). Chen et al. (2005) in 
studies of unilateral nephrectomy in mice concluded that loss of 
functioning nephrons stimulates the growth of residual kidney tissue to 
augment work capacity and maintain normal renal function. 
Compensatory renal growth after unilateral nephrectomy is a 
phenomenon well documented in rodents (Flyvbjerg et al., 1999) and 
humans (Schmitz et al., 1989). Several growth factors have been 
suggested to influence the compensatory renal growth. The renal 
hypertrophy and accompanying improvements in renal function in the 
contralateral kidney that occur subsequent to unilateral nephrectomy also 
suggest these processes are an adaptive, and possibly beneficial, response 
(Sugaya et al., 2000). Kidney enlargement has been estimated 
radiologically by an increase in length or in some indices using the 
length, width or volume (Dinkel et al., 1988 and Gomez-Anson et al., 
1997).  
The results of histological investigations showed a significant 
increase in diameter of glomerulus, proximal and distal tubules, and 
decrease in the bowman space of the remnant kidney, compared with 
control (sham-operated). The diameter of glomerulus increased by 
18.19%, proximal tubule 68.56% and the distal tubule 46.28%. But 
Bowman space decrease about 31.66% (Table 6.4). This increase in the 
diameter of nephron component accompanied the enlargement and the 
hypertrophy that occurred in the size of the remaining kidney.  
Hypertrophy of the renal tubular cells, especially those of the proximal 
tubule), accounts for the majority of the increase in kidney size that 
follows partial removal of renal mass (Fine, 1985).  
   The results of relative medullary thickness (RMT) (Table 6.5) 
indicated significant increase due to unilateral nephrectomy. RMT of 
nephrectomized kidney increased by 21.88% compared with the RMT of 
the kidneys of the control (sham- operated). The capacity of the kidney to 
concentrate urine and its ability to reduce urinary water loss during 
dehydration is directly related with the relative kidney medullary 
thickness (RMT).  
Drinking saline water significantly affected some parameters. High 
salinity in drinking water and water deprivation; may have deleterious 
effects like loss of weight which resulted from food intake reduction 
which may influence milk and meat production of animals. 
In this thesis, the results showed that most of the parameters 
investigated were not significantly altered by unilateral nephrectomy. 
This indicates that unilateral nephrectomy has no adverse effects on the 
function of the remaining kidney. Drukker (2001) reported that after 
uninephrectomy, the adverse effects of a kidney donation are rather 
minimal and consist of mild to moderate proteinuria and slightly higher 
blood pressure. Renal functional deterioration has occasionally been 
observed in elderly subjects, particularly in those with pre-existing 
hypertension. The uninephrectomized subjects should live completely 
normal lives without dietary restrictions.  
Future studies in renal function should include measurement of 
related hormones and enzymes. 
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 ﺒﺴﻡ ﺍﷲ ﺍﻟﺭﺤﻤﻥ ﺍﻟﺭﺤﻴﻡ
 
  ﺨﻼﺼﺔ
  :ﺍﺸﺘﻤﻠﺕ ﻫﺫﻩ ﺍﻟﺩﺭﺍﺴﺔ ﻋﻠﻰ ﺍﺭﺒﻌﺔ ﺘﺠﺎﺭﺏ
ﺯﻴﺎﺩﺓ ﺍﺴﺘﻬﻼﻙ  ﺍﺩﻯ ﺍﻟﻰ  %5.1 ﺒﻨﺴﺒﺔ  (lCaN )ﺍﻟﻤﺎﺀ ﺍﻟﻤﺎﻟﺢ ﺘﺎﺜﻴﺭ :ﻰﺍﻟﺘﺠﺭﺒﺔ ﺍﻻﻭﻟ
ﻟﻡ ﺘﺘﺎﺜﺭ ﺩﺭﺠﺔ ﺤﺭﺍﺭﺓ ﺍﻟﻤﺴﺘﻘﻴﻡ ﻤﻌﻨﻭﻴﺎ  ﺒﻴﻨﻤﺎ ﺽ ﻤﻌﺩل ﺍﺴﺘﻬﻼﻙ ﺍﻟﻐﺫﺍﺀ ﻤﻌﻨﻭﻴﺎﺎﺍﻨﺨﻔﻭﺍﻟﻤﺎﺀ 
  . ﺠﺴﻡ ﺒﺸﺭﺏ ﺍﻟﻤﺎﺀ ﺍﻟﻤﺎﻟﺢ ﻭﺍﻴﻀﺎ ﻭﺯﻥ ﺍﻟ
ﺍﻨﺨﻔﺽ ﻤﻌﻨﻭﻴﺎ ﻋﻨﺩ ﺍﻟﻤﺎﻋﺯ ﺍﻟﺘﻲ ﺘﺴﺘﻬﻠﻙ ﺍﻟﻤﺎﺀ ﺍﻟﻤﺎﻟﺢ ﻤﻘﺎﺭﻨﺔ ﻤﻊ ( VCP)ﻤﻜﺩﺍﺱ ﺍﻟﺩﻡ  
ﻟﻡ ﻴﺘﺎﺜﺭ ﻤﻌﻨﻭﻴﺎ ﺘﺭﻜﻴﺯ ﺒﻴﻨﻤﺎ .ﺍﻨﺨﻔﺽ ﺘﺭﻜﻴﺯ ﺍﻟﻴﻭﺭﻴﺎ ﻓﻲ ﺍﻟﺴﻴﺭﻡ  ﺍﻴﻀﺎ. ﺍﻟﺘﻲ ﺘﺴﺘﻬﻠﻙ ﻤﺎﺀ ﺍﻟﺤﻨﻔﻴﻪ
ﻓﻲ  ﺍﺯﺩﺍﺩ ﺘﺭﻜﻴﺭ ﺍﻟﻜﺭﻴﺎﺘﻨﻴﻥ .ﺎﺴﺘﻬﻼﻙ ﺍﻟﻤﺎﺀ ﺍﻟﻤﺎﻟﺢﺍﻟﺒﺭﻭﺘﻴﻥ ﺍﻟﻜﻠﻲ ﻭﺍﻻﻟﺒﻴﻭﻤﻴﻥ ﻓﻲ ﺍﻟﺴﻴﺭﻡ ﺒ
 ﻴﻼﺤﻅ ﺍﻨﺨﻔﺎﺽ . ﻓﻲ ﺍﻻﺴﺒﻭﻋﻴﻥ ﺍﻟﺨﺎﻤﺱ ﻭﺍﻟﺴﺎﺩﺱ  ﺍﻟﺴﻴﺭﻡ ﻨﺘﻴﺠﺔ ﻻﺴﺘﻬﻼﻙ ﺍﻟﻤﺎﺀ ﺍﻟﻤﺎﻟﺢ
 ﺍﻟﻤﺎﺀ ﺍﻟﻤﺎﻟﺢ ﺍﻤﺎ ﻤﺴﺘﻭﻱ ﺘﺴﺘﻬﻠﻙ ﻓﻲ ﻤﺴﺘﻭﻱ ﺠﻠﻜﻭﺯ ﺍﻟﺒﻼﺯﻤﺎ ﻓﻲ ﺍﻟﻤﺠﻤﻭﻋﺔ ﺍﻟﺘﻲ ﻁﻔﻴﻑ
  . ﺍﻟﺼﻭﺩﻴﻭﻡ ﻭﺍﻟﺒﻭﺘﺎﺴﻴﻭﻡ ﻓﻲ ﺍﻟﺴﻴﺭﻡ ﻟﻡ ﻴﺘﺎﺜﺭ ﻤﻌﻨﻭﻴﺎ ﺒﺸﺭﺏ ﺍﻟﻤﺎﺀ ﺍﻟﻤﺎﻟﺢ
 ﻭﻤﻌﺩل ﺍﻟﺘﺭﺸﻴﺢ  ﺍﺯﺩﺍﺩ ﺤﺠﻡ ﺍﻟﺒﻭل ﺍﻟﻜﻠﻲ ﺒﻴﻨﻤﺎﺍﻟﺒﻭلﺍﻨﺨﻔﺽ ﻤﻌﻨﻭﻴﺎ ﺘﺭﻜﻴﺯ ﻭﺍﻟﻴﻭﺭﻴﺎ ﻓﻲ 
  .ﻤﺠﻤﻭﻋﺔ ﺍﻟﺘﻲ ﺘﺴﻬﻠﻙ ﺍﻟﻤﺎﺀ ﺍﻟﻤﺎﻟﺢ ﺍﻟ  ﻤﻌﻨﻭﻴﺎ ﻋﻨﺩ (RFG) ﺍﻟﻜﺒﻴﺒﻲ
 ﺘﻤﺕ ﺩﺭﺍﺴﺔ  ﺘﺎﺜﻴﺭ ﺍﻴﻘﺎﻑ ﺍﺴﺘﻬﻼﻙ ﺍﻟﻤﺎﺀ ﻭﺍﻻﻤﺎﻫﺔ ﻋﻠﻲ ﻤﻜﻭﻨﺎﺕ ﺍﻟﺩﻡ :ﺍﻟﺘﺠﺭﺒﺔ ﺍﻟﺜﺎﻨﻴﺔ
ﻤﻥ ﺍﺴﺘﻬﻼﻙ ﻭﻭﻅﻴﻔﺔ ﺍﻟﻜﻠﻴﺔ ﻋﻨﺩ ﺍﻟﻤﺎﻋﺯ ﺍﻟﻨﻭﺒﻲ ﺍﻭﻀﺤﺕ ﺍﻟﺩﺭﺍﺴﺔ ﺍﻨﻪ ﻭﺒﻌﺩ ﺤﺭﻤﺎﻥ ﺍﻟﻤﺎﻋﺯ 
ﻜﺎﻥ ﻤﺘﻭﺴﻁ ﺍﺴﺘﻬﻼﻙ ﺍﻟﻤﺎﺀ ( ﺍﻻﻤﺎﻫﺔ ) ﺍﻟﻤﺎﺀ ﻟﻤﺩﺓ ﺜﻼﺜﺔ ﺍﻴﺎﻡ ﻜﺎﻤﻠﺔ ﻭﺒﻌﺩ ﺍﻋﺎﺩﺓ ﺍﺴﺘﻬﻼﻙ ﺍﻟﻤﺎﺀ 
 ﺍﺴﺘﻁﺎﻋﺕ ﺍﻟﻤﺎﻋﺯ ﺍﻋﺎﺩﺓ ﻤﺎ ﻓﻘﺩﺕ ﻤﻥ ﻭﺯﻨﻬﺎ ﺨﻼل ﺘﺭ ﻭﻋﻠﻴﻪﻟ6.4   ﺩﻗﻴﻘﺔ ﺍﻻﻭﻟﻲ ﺤﻭﺍﻟﻲ51ﻓﻲ 
  . ﻓﺘﺭﺓ ﺍﻟﺤﺭﻤﺎﻥ 
 ﺍﻻﻤﺎﻫﺔ ﻙ ﺍﻟﻤﺎﺀ ﻭﺒﻌﺩﺫﺍﺀ ﺍﻟﻴﻭﻤﻲ ﺍﻨﺨﻔﺽ ﻤﻌﻨﻭﻴﺎ ﻋﻨﺩ ﺍﻴﻘﺎﻑ ﺍﺴﺘﻬﻼﻤﺘﻭﺴﻁ  ﺍﺴﺘﻬﻼﻙ ﺍﻟﻐ
 ﺍﻨﺨﻔﺽ ﻤﻌﻨﻭﻴﺎ ﻓﻲ  ﻓﻘﺩﺫﺍﺀ ﺍﻟﻲ ﻤﺴﺘﻭﺍﻩ ﺍﻟﻁﺒﻴﻌﻲ ﺍﻤﺎ ﻭﺯﻥ ﺍﻟﺠﺴﻡﺒﻴﻭﻤﻴﻥ ﻋﺎﺩ ﺍﺴﺘﻬﻼﻙ ﺍﻟﻐ
  ﻠﺤﺭﻤﺎﻥ ﻤﻥ ﺍﺴﺘﻬﻼﻙ ﺍﻟﻤﺎﺀ ﻤﻘﺎﺭﻨﺔ ﺒﺎﻟﻤﺠﻤﻭﻋﺔ ﺍﻟﺘﻲ ﺘﺴﺘﻬﻠﻙ ﺍﻟﻤﺎﺀ  ﻟﺍﻟﻤﺠﻤﻭﻋﺔ ﺍﻟﺘﻲ ﺘﻌﺭﻀﺕ 
ﻟﻤﺠﻤﻭﻋﺔ ﺍﻟﺘﻲ ﺘﻌﺭﻀﺕ ﻻﻴﻘﺎﻑ ﺍﺴﺘﻬﻼﻙ ﺍﻟﻤﺎﺀ ﺍﻤﻜﺩﺍﺱ ﺍﻟﺩﻡ ﺍﻨﺨﻔﺽ ﻤﻌﻨﻭﻴﺎ ﻓﻲ 
ﺒﻴﻭﻤﻴﻥ ﻤﻌﻨﻭﻴﺎ ﻤﺴﺘﻭﻱ ﺍﻟﺒﺭﻭﺘﻴﻥ ﺍﻟﻜﻠﻲ ﻭﺍﻻﻟﺍﺯﺩﺍﺩ .  ﺒﺎﻟﻤﺠﻤﻭﻋﺔ ﺍﻟﺘﻲ ﺘﺴﺘﻬﻠﻙ ﺍﻟﻤﺎﺀ ﻤﻘﺎﺭﻨﺔ
ﺍﻴﻀﺎ ﺍﺭﺘﻔﻊ ﻤﺴﺘﻭﻱ . ﻭﺍﻟﻴﻭﺭﻴﺎ ﻓﻲ ﺍﻟﺴﻴﺭﻡ ﺍﺴﺘﺠﺎﺒﺔ ﻻﻴﻘﺎﻑ ﺍﺴﺘﻬﻼﻙ ﺍﻟﻤﺎﺀ ﻋﻨﺩ ﺍﻟﻤﺎﻋﺯ 
ﺍﻟﻜﺭﻴﺎﺘﻨﻴﻥ ﻓﻲ ﺍﻟﺴﻴﺭﻡ ﻨﺘﻴﺠﺔ ﻻﻴﻘﺎﻑ ﺍﺴﺘﻬﻼﻙ ﺍﻟﻤﺎﺀ ﻋﺎﺩ ﺍﻟﻜﺭﻴﺎﺘﻨﻴﻥ ﺍﻟﻲ ﻤﺴﺘﻭﺍﻩ ﺍﻟﻁﺒﻴﻌﻲ ﺒﻌﺩ 
ﻤﺴﺘﻭﻱ ﺠﻠﻜﻭﺯ ﺍﻟﺒﻼﺯﻤﺎ ﻟﻡ ﻴﺘﺎﺜﺭ ﻤﻌﻨﻭﻴﺎ ﺒﺘﻌﺭﺽ ﺍﻟﻤﺎﻋﺯ ﻟﻠﺤﺭﻤﺎﻥ ﻤﻥ . ﺔ ﻴﻭﻤﻴﻥ ﻤﻥ ﺍﻻﻤﺎﻫ
  .ﺍﺴﺘﻬﻼﻙ ﺍﻟﻤﺎﺀ ﺍﻴﻀﺎ ﻟﻡ ﻴﺘﺎﺜﺭ ﻤﻌﻨﻭﻴﺎ ﻤﺴﺘﻭﻱ ﺍﻟﺼﻭﺩﻴﻭﻡ ﻭﺍﻟﺒﻭﺘﺎﺴﻴﻭﻡ ﻓﻲ ﺍﻟﺴﻴﺭﻡ 
ﺍﻨﺨﻔﺽ ﻤﻌﻨﻭﻴﺎ ﺍﺴﺘﺠﺎﺒﺔ ﻟﺤﺭﻤﺎﻥ ﺍﻟﻤﺎﻋﺯ ﻤﻥ ﺍﺴﺘﻬﻼﻙ ﺍﻟﻤﺎﺀ  RFG ﺤﺠﻡ ﺍﻟﺒﻭل ﺍﻟﻜﻠﻲ
ﻤﺴﺘﻭﻱ ﺍﻟﺼﻭﺩﻴﻭﻡ ﻭﺍﻟﺒﻭﺘﺎﺴﻴﻭﻡ . ﺎﻟﺙ ﻟﻼﻤﺎﻫﺔ ﻭﻋﺎﺩ ﻜل ﻤﻨﻬﻤﺎ ﺍﻟﻲ ﻤﺴﺘﻭﺍﻩ ﺍﻟﻁﺒﻴﻌﻲ ﻓﻲ ﺍﻟﻴﻭﻡ ﺍﻟﺜ
ﺒﻴﻨﻤﺎ ﺍﺯﺩﺍﺩ ﺘﺭﻜﻴﺯﺍﻟﻴﻭﺭﻴﺎ ﻓﻲ . ﻓﻲ ﺍﻟﺒﻭل ﻟﻡ ﻴﺘﺎﺜﺭ ﻤﻌﻨﻭﻴﺎ ﺒﺤﺭﻤﺎﻥ ﺍﻟﻤﺎﻋﺯ ﻤﻥ ﺍﺴﺘﻬﻼﻙ ﺍﻟﻤﺎﺀ 
  .ﺍﻟﺒﻭل ﻤﻌﻨﻭﻴﺎ ﺜﻡ ﻋﺎﺩ ﺍﻟﻲ ﻤﺴﺘﻭﻱ ﺍﻟﻤﺠﻤﻭﻋﺔ ﺍﻟﺘﻲ ﺘﺴﺘﻬﻠﻙ ﺍﻟﻤﺎﺀ ﻓﻲ ﺍﻟﻴﻭﻡ ﺍﻟﺜﺎﻨﻲ ﻟﻼﻤﺎﻫﺔ
 ﻓﻲ ﺍﻟﻐﺫﺍﺀ ﻏﻠﻲ ﻤﻜﻭﻨﺎﺕ ﺍﻟﺩﻡ  ﺘﻤﺕ ﺩﺭﺍﺴﺔ ﺘﺎﺜﻴﺭ ﺯﻴﺎﺩﺓ ﺍﻟﺒﺭﻭﺘﻴﻥ:ﺍﻟﺘﺠﺭﺒﺔ ﺍﻟﺜﺎﻟﺜﺔ
ﻭﻭﻅﺎﺌﻑ ﺍﻟﻜﻠﻴﺔ ﺍﻭﻀﺤﺕ ﻨﺘﺎﺌﺞ ﺍﻟﺩﺭﺍﺴﺔ ﺍﻥ ﺍﺴﺘﻬﻼﻙ ﺍﻟﻤﺎﺀ ﺍﺯﺩﺍﺩ ﻤﻌﻨﻭﻴﺎ ﺒﺯﻴﺎﺩﺓ ﺍﻟﺒﺭﻭﺘﻴﻥ ﻓﻲ 
ﺍﻨﺨﻔﻀﺕ .  ﺍﻨﺨﻔﺽ ﻤﻌﻨﻭﻴﺎ ﺒﺯﻴﺎﺩﺓ ﺍﻟﺒﺭﻭﺘﻴﻥ ﻓﻲ ﺍﻟﻐﺫﺍﺀ  ﻓﻘﺩﺍﻟﻐﺫﺍﺀ ﺍﻤﺎ ﺍﺴﺘﻬﻼﻙ ﺍﻟﻐﺫﺍﺀ ﺍﻟﻴﻭﻤﻲ
  .ﻗﻠﻴﻼ ﺩﺭﺠﺔ ﺤﺭﺍﺭﺓ ﺍﻟﻤﺴﺘﻘﻴﻡ ﺒﺯﻴﺎﺩﺓ ﺍﻟﺒﺭﻭﺘﻴﻥ ﻓﻲ ﺍﻟﻐﺫﺍﺀ 
ﻟﺩﻡ ﻟﻡ ﻴﺘﺎﺜﺭﻤﻌﻨﻭﻴﺎ ﺒﺯﻴﺎﺩﺓ ﺍﻟﺒﺭﻭﺘﻴﻥ ﻓﻲ ﺍﻟﻐﺫﺍﺀ ﺒﺎﻟﺭﻏﻡ ﺍﻥ ﻫﻨﺎﻟﻙ ﺯﻴﺎﺩﺓ ﻁﻔﻴﻔﺔ ﻤﻜﺩﺍﺱ ﺍ
ﺩﻨﻲ ﻭﺍﻻﻋﻠﻲ  ﻤﺴﺘﻭﻱ ﻥ ﻓﻲ ﺍﻟﻐﺫﺍﺀ ﻤﻘﺎﺭﻨﺔ ﺒﺎﻟﻤﺴﺘﻭﻱ ﺍﻻﻴﻓﻴﻪ ﻋﻨﺩ ﺍﻟﻤﺴﺘﻭﻱ ﺍﻟﻤﺘﻭﺴﻁ ﻤﻥ ﺍﻟﺒﺭﻭﺘ
ﺒﻴﻭﻤﻴﻥ ﻓﻲ ﺍﻟﺴﻴﺭﻡ ﻟﻡ ﻴﺘﺎﺜﺭ ﻤﻌﻨﻭﻴﺎ ﺒﺯﻴﺎﺩﺓ ﺍﻟﺒﺭﻭﺘﻴﻥ ﻓﻲ ﺍﻟﻐﺫﺍﺀ ﺒﻴﻨﻤﺎ ﺍﺯﺩﺍﺩ ﺍﻟﺒﺭﻭﺘﻴﻥ ﺍﻟﻜﻠﻲ ﻭﺍﻻﻟ
ﺍﻨﺨﻔﺽ ﻤﻌﻨﻭﻴﺎ ﻤﺴﺘﻭﻱ ﺍﻟﻜﺭﻴﺎﺘﻨﻴﻥ ﻓﻲ ﺍﻟﺴﻴﺭﻡ ﺍﺴﺘﺠﺎﺒﺔ . ﺴﺘﻭﻱ ﺍﻟﻴﻭﺭﻴﺎ ﻓﻲ ﺍﻟﺴﻴﺭﻡ ﻤﻌﻨﻭﻴﺎ ﻤ
ﻠﻜﻭﺯ ﺍﻟﺒﻼﺯﻤﺎ ﻭﺘﺭﻜﻴﺯ ﺠﻟﺯﻴﺎﺩﺓ ﺍﻟﺒﺭﻭﺘﻴﻥ ﻓﻲ ﺍﻟﻐﺫﺍﺀ ﺒﻴﻨﻤﺎ ﻟﻡ ﻴﺘﺎﺜﺭ ﻤﻌﻨﻭﻴﺎ ﻜل ﻤﻥ ﻤﺴﺘﻭﻱ 
  ﻴﺔ ﺒﺯﻴﺎﺩﺓ ﺍﻟﺒﺭﻭﺘﻴﻥ ﻓﻲ ﺍﻟﻐﺫﺍﺀ ﺯﻤﻭﻻﻟﺍﻻﺍﻟﺒﻭﺘﺎﺴﻴﻭﻡ ﻭﺍﻟﺼﻭﺩﻴﻭﻡ ﻓﻲ ﺍﻟﺴﻴﺭﻡ ﻭ
ﺒﺯﻴﺎﺩﺓ ﺍﻟﺒﺭﻭﺘﻴﻥ ﻓﻲ ﺍﻟﻐﺫﺍﺀ ﺍﻤﺎ ﻤﺴﺘﻭﻱ ﺍﻟﺼﻭﺩﻴﻭﻡ  RFGﻲ ﻠﺍﻟﻜ لﺍﺯﺩﺍﺩ ﻤﻌﻨﻭﻴﺎ ﻜل ﻤﻥ ﺤﺠﻡ ﺍﻟﺒﻭ
. ﻟﻡ ﻴﺘﺎﺜﺭ ﻤﻌﻨﻭﻴﺎ ﺒﺯﻴﺎﺩﺓ ﺍﻟﺒﺭﻭﺘﻴﻥ ﻓﻲ ﺍﻟﻐﺫﺍﺀ ﺒﻴﻨﻤﺎ ﺍﻨﺨﻔﺽ ﻤﻌﻨﻭﻴﺎ ﻤﺴﺘﻭﻱ ﺍﻟﺒﻭﺘﺎﺴﻴﻭﻡ ﻓﻲ ﺍﻟﺒﻭل 
  .ﻴﺎ ﻓﻲ ﺍﻟﺒﻭل ﺒﺎﺯﺩﻴﺎﺩ ﺍﻟﺒﺭﻭﺘﻴﻥ ﻓﻲ ﺍﻟﻐﺫﺍﺀ ﺭ ﺍﻟﻴﻭ ﻤﺴﺘﻭﻱﺍﺯﺩﺍﺩ ﻤﻌﻨﻭﻴﺎ
ﻘﻴﺔ ﻟﻴﺴﺭﻱ ﻋﻠﻲ ﺸﻜل ﺍﻟﻜﻠﻴﺔ ﺍﻟﻤﺘﺒ ﺩﺭﺍﺴﺔ ﺘﺎﺜﻴﺭ ﺍﺯﺍﻟﺔ ﺍﻟﻜﻠﻴﺔ ﺍﺕ ﺘﻤ:ﺍﻟﺘﺠﺭﺒﺔ ﺍﻟﺭﺍﺒﻌﺔ
ﻴﻭﻟﻭﺠﻴﺔ ﺍﻟﺘﻲ ﺤﺩﺜﺕ ﻓﻲ ﺍﻨﺴﺠﺘﻬﺎ ﻭﺍﻴﻀﺎ ﻋﻠﻲ ﻤﻜﻭﻨﺎﺕ ﺍﻟﺩﻡ ﻭﺤﺠﻤﻬﺎ ﻭﻭﺯﻨﻬﺎ ﻭﺍﻟﺘﻐﻴﺭﺍﺕ ﺍﻟﻔﺴ
ﻭﻭﻅﺎﺌﻑ ﺍﻟﻜﻠﻴﺔ ﺍﻴﻀﺎ ﺘﻤﺕ ﺩﺭﺍﺴﺔ ﺘﺎﺜﻴﺭ ﺍﻟﻤﺎﺀ ﺍﻟﻤﺎﻟﺢ ﻭﺍﻴﻘﺎﻑ ﺍﺴﺘﻬﻼﻙ ﺍﻟﻤﺎﺀ ﻟﻤﺩﺓ ﺜﻼﺜﺔ ﺍﻴﺎﻡ ﻋﻠﻲ 
 ﺔﻓﻲ ﻭﺯﻥ ﺍﻟﻜﻠﻴﺔ ﺍﻟﻤﺘﺒﻘﻴﺔ ﻤﻘﺎﺭﻨﻱ ﺍﻟﻜﻠﻴﺔ ﺍﻟﻭﺍﺤﺩﺓ ﺍﻭﻀﺤﺕ ﻨﺘﺎﺌﺞ ﺍﻟﺩﺭﺍﺴﺔ ﺯﻴﺎﺩﺓ ﻤﻌﻨﻭﻴﺔ ﻋﺯ ﺫﺍﻟﻤﺎ
ﺍﻟﻘﻴﺎﺴﺎﺕ ﺍﻟﺘﻲ ﺘﻤﺕ ﻋﻥ ﻁﺭﻴﻕ ﺍﻟﻤﻭﺠﺎﺕ ﺍﻟﺼﻭﺘﻴﺔ . ﺒﻭﺯﻥ ﺍﻟﻜﻠﻴﺔ ﻓﻲ ﺍﻟﻤﺎﻋﺯ ﺫﻱ ﺍﻟﻜﻠﻴﺘﻴﻥ
ﺍﻭﻀﺤﺕ ﺯﻴﺎﺩﺓ ﻤﻌﻨﻭﻴﺔ ﻓﻲ ﺤﺠﻡ ﺍﻟﻜﻠﻴﺔ ﺍﻟﻤﺘﺒﻘﻴﺔ ﺍﻴﻀﺎ ﺍﻭﺠﺩﺕ ﺍﻟﻨﺘﺎﺌﺞ ﺯﻴﺎﺩﺓ ﻤﻌﻨﻭﻴﺔ ﻓﻲ 
  ( .ﺍﻟﻜﺒﻴﺒﺔ ﻭﺍﻟﻨﺒﻴﺒﺎﺕ ﺍﻟﻘﺭﻴﺒﺔ ﻭﺍﻟﺒﻌﻴﺩﺓ)ﻗﻁﺭﻤﻜﻭﻨﺎﺕ ﺍﻟﻨﻔﺭﻭﻥ 
ﺍﺴﺘﻬﻼﻙ ﺍﻟﻤﺎﺀ ﻭﻭﺯﻥ ﺍﻟﺠﺴﻡ ﻭﺩﺭﺠﺔ ﺤﺭﺍﺭﺓ ﺍﻟﻤﺴﺘﻘﻴﻡ ﺒﺎﺯﺍﻟﺔ ﺍﻟﻜﻠﻴﺔ ﻓﻲ ﺍﻟﻤﺎﻋﺯ ﻟﻡ ﻴﺘﺎﺜﺭﻤﻌﻨﻭﻴﺎ 
ﻟﻡ ﻴﺘﺎﺜﺭ ﻜل ﻤﻥ ﺘﻌﺩﺍﺩ  ﻜﺭﻴﺎﺕ ﺍﻟﺩﻡ ﺍﻟﺤﻤﺭﺍﺀ ﻭﻤﻜﺩﺍﺱ ﺍﻟﺩﻡ ﻭﺘﺭﻜﻴﺯ ﺍﻟﻬﻤﻭﻗﻠﻭﺒﻴﻥ ﻭﺍﻴﻀﺎ . ﺍﻟﻨﻭﺒﻲ
ﺍﺯﺍﺩ ﻤﻌﻨﻭﻴﺎ ﻜﺭﻴﺎﺘﻨﻴﻥ ﺍﻟﺴﻴﺭﻡ . ﻭﻤﻴﻥ ﻓﻲ ﺍﻟﺴﻴﺭﻡ ﺒﺎﺯﺍﻟﺔ ﺍﻟﻜﻠﻴﺔ ﻴﻓﻲ ﺍﻟﺩﻡ ﻭﺍﻟﺒﺭﻭﺘﻴﻥ ﺍﻟﻜﻠﻲ ﻭﺍﻻﻟﺒ
ﺠﺭﺍﺀ ﺍﻟﻌﻤﻠﻴﺔ ﻤﻘﺎﺭﻨﺔ ﻤﻊ ﺫﻱ ﺍﻟﻜﻠﻴﺔ ﺍﻟﻭﺍﺤﺩﺓ ﺘﺤﺩﻴﺩﺍ ﻓﻲ ﺍﻟﺜﻼﺜﺔ ﺍﺴﺎﺒﻴﻊ ﺍﻻﻭﻟﻲ ﺒﻌﺩ ﺍﻓﻲ ﺍﻟﻤﺎﻋﺯ 
ﺒﻴﻨﻤﺎ ﻟﻡ ﻴﺘﺎﺜﺭ ﻤﻌﻨﻭﻴﺎ ﻤﺴﺘﻭﻱ ﺍﻟﻴﻭﺭﻴﺎ ﻓﻲ ﺍﻟﺴﻴﺭﻡ ﻭﺠﻠﻜﻭﺯ ﺍﻟﺒﻼﺯﻤﺎ .  ﺍﻟﻜﻠﻴﺘﻴﻥ ﺍﻟﻤﺎﻋﺯ ﺫﻱ
  .ﻭﻤﺴﺘﻭﻱ ﺍﻟﺼﻭﺩﻴﻭﻡ ﻭﺍﻟﺒﻭﺘﺎﺴﻴﻭﻡ ﻓﻲ ﺍﻟﺴﻴﺭﻡ ﻭﺍﻟﻜﻭﺭﺘﺯﻭل ﺒﺎﺯﺍﻟﺔ ﺍﻟﻜﻠﻴﺔ 
 ﻓﻘﺩ RFGﻓﻲ ﺍﻟﻤﺎﻋﺯ ﺫﻱ ﺍﻟﻜﻠﻴﺔ ﺍﻟﻭﺍﺤﺩﺓ ﺍﻤﺎ ﺍﻟﺒﻭل ﺍﻨﺨﻔﺎﻀﺎ ﻁﻔﺒﻔﺎ ﺍﻨﺨﻔﺽ ﺤﺠﻡ 
ﺍﻟﺒﻭﺘﺎﺴﻴﻭﻡ ﻓﻲ ﺍﻟﺒﻭل ﻓﻲ ﻟﻡ ﻴﺘﺎﺜﺭ ﻤﻌﻨﻭﻴﺎ ﻜل ﻤﻥ ﻤﺴﺘﻭﻱ ﺍﻟﻴﻭﺭﻴﺎ ﻭﺍﻟﺼﻭﺩﻴﻭﻡ ﻭ. ﺍﻨﺨﻔﺽ ﻤﻌﻨﻭﻴﺎ 
  .ﻱ ﺍﻟﻜﻠﻴﺔ ﺍﻟﻭﺍﺤﺩﺓ ﺍﻟﻤﺎﻋﺯ ﺫ
ﻨﺩ ﺍﻟﻤﺎﻋﺯ ﺫﺍﺕ ﺍﻟﻜﻠﻴﺔ ﺍﻭﻀﺤﺕ ﻨﺘﺎﺌﺞ ﺍﻟﺩﺭﺍﺴﺔ ﺯﻴﺎﺩﺓ ﻤﻌﻨﻭﻴﺔ ﻓﻲ ﺍﺴﺘﻬﻼﻙ ﺍﻟﻤﺎﺀ ﺍﻟﻤﺎﻟﺢ ﻋ
ﺒﻴﻨﻤﺎ ﺍﻨﺨﻔﺽ ﻗﻠﻴﻼ  % 54.0  ﻭ9.0 ﺘﺭﻜﻴﺯ ﻜﻠﻭﻴﺩ ﺍﻟﺼﻭﺩﻴﻭﻡ ﺒﻨﺴﺒﺔ ﻱ ﺍﻟﻜﻠﻴﺘﻴﻥ ﻋﻨﺩ ﺍﻟﻭﺍﺤﺩﺓ ﻭﺫ
ﺍﺯﺩﻴﺎﺩ ﻜﻠﻭﺭﻴﺩ ﺍﻟﺼﻭﺩﻴﻭﻡ .ﺍﺴﺘﻬﻼﻙ ﺍﻟﻐﺫﺍﺀ ﻤﻊ ﺍﺴﺘﻬﻼﻙ ﺍﻟﻤﺎﺀ ﺍﻟﻤﺎﻟﺢ ﻟﻠﺸﺭﺏ ﻓﻲ ﺍﻟﻤﺠﻤﻭﻋﺘﻴﻥ 
ﻓﻲ ﻤﺎﺀ ﺍﻟﺸﺭﺏ ﺍﺩﻱ ﺍﻟﻲ ﺍﻨﺨﻔﺎﺽ ﻁﻔﻴﻑ ﻓﻲ ﺩﺭﺠﺔ ﺤﺭﺍﺭﺓ ﺍﻟﻤﺴﺘﻘﻴﻡ ﻭﻭﺯﻥ ﺍﻟﺠﺴﻡ ﻋﻨﺩ 
  .ﺍﻟﻤﺠﻤﻭﻋﺘﻴﻥ 
ﺯ ﻫﻤﻭﻗﻠﻭﺒﻴﻥ ﺍﻟﺩﻡ ﺒﺎﺴﺘﻬﻼﻙ ﺍﻟﻤﺎﺀ ﺍﻟﻤﺎﻟﺢ ﻋﻨﺩ ﺍﻨﺨﻔﺽ ﻗﻠﻴﻼ ﻤﻜﺩﺍﺱ ﺍﻟﺩﻡ ﻭﺘﺭﻜﻴ   
ﺍﻟﻤﺠﻤﻭﻋﺘﻴﻥ ﺒﻴﻨﻤﺎ ﻟﻡ ﻴﺘﺎﺜﺭ ﻤﻌﻨﻭﻴﺎ ﻜل ﻤﻥ ﺍﻟﺒﺭﻭﺘﻴﻥ ﺍﻟﻜﻠﻲ ﻭﺍﻻﻟﺒﻴﻭﻤﻴﻥ ﻓﻲ ﺍﻟﺴﻴﺭﻡ ﻋﻨﺩ 
ﻤﻥ ﻜﻠﻭﺭﻴﺩ ﺍﻟﺼﻭﺩﻴﻭﻡ % 54,0ﺍﻤﺎ ﺘﺭﻜﻴﺯ ﺍﻟﻴﻭﺭﻴﺎ ﻓﻲ ﺍﻟﺴﻴﺭﻡ ﺍﺯﺩﺍﺩ ﻋﻨﺩ ﺍﻟﺘﺭﻜﻴﺯ . ﺍﻟﻤﺠﻤﻭﻋﺘﻴﻥ 
ﻜﺭﻴﺎﺘﻨﻴﻥ ﺍﻟﺴﻴﺭﻡ ﻟﻡ ﻴﺘﺎﺜﺭ . ﻥ ﻋﻨﺩ ﺍﻟﻤﺠﻤﻭﻋﺘﻴ%  9.0ﻭ 5.1ﺜﻡ ﻋﺎﺩ ﻟﻼﻨﺨﻔﺎﺽ ﻋﻨﺩ ﺘﺭﻜﻴﺯ
ﺍﻤﺎ ﺠﻠﻜﻭﺯ ﺍﻟﺒﻼﺯﻤﺎ ﻓﻘﺩ . ﺒﺎﺯﺩﻴﺎﺩ ﻨﺴﺒﺔ ﻜﻠﻭﺭﻴﺩ ﺍﻟﺼﻭﺩﻴﻭﻡ ﻓﻲ ﻤﺎﺀ ﺍﻟﺸﺭﺏ ﻋﻨﺩ ﺍﻟﻤﺠﻤﻭﻋﺘﻴﻥ 
ﻟﻡ ﻴﺘﺎﺜﺭ . ﺍﻨﺨﻔﺽ ﻤﻌﻨﻭﻴﺎ ﻤﻊ ﺯﻴﺎﺩﺓ ﺘﺭﻜﻴﺯ ﻜﻠﻭﺭﻴﺩ ﺍﻟﺼﻭﺩﻴﻭﻡ ﻓﻲ ﻤﺎﺀ ﺍﻟﺸﺭﺏ ﻋﻨﺩ ﺍﻟﻤﺠﻤﻭﻋﺘﻴﻥ 
 ﻋﻨﺩ ﻡ ﻭﺍﻟﻜﻭﺭﺘﺯﻭل ﺍﻟﺼﻭﺩﻴﻭﻡ ﻭﺍﻟﺒﻭﺘﺎﺴﻴﻭﻤﻌﻨﻭﻴﺎ ﺒﺎﺯﺩﻴﺎﺩ ﻜﻠﻭﺭﻴﺩ ﺍﻟﺼﻭﺩﻴﻭﻡ ﻜل ﻤﻥ ﻤﺴﺘﻭﻱ
  .ﺍﻟﻤﺠﻤﻭﻋﺘﻴﻥ 
 %( 9.0 ﻭ54.0)ﺍﺯﺩﺍﺩ ﺤﺠﻡ ﺍﻟﺒﻭل  ﻤﻌﻨﻭﻴﺎ ﺒﺎﺯﺩﻴﺎﺩ ﻜﻠﻭﺭﻴﺩ ﺍﻟﺼﻭﺩﻴﻭﻡ ﻓﻲ ﻤﺎﺀ ﺍﻟﺸﺭﺏ 
 RFG ﺍﺯﺩﺍﺩ ﻤﻌﻨﻭﻴﺎ ﻜل ﻤﻥ. ﻋﻨﺩ ﺍﻟﻤﺠﻤﻭﻋﺘﻴﻥ % 5.1ﻭﻟﻜﻨﻪ ﻋﺎﺩ ﻟﻼﻨﺨﻔﺎﺽ ﻋﻨﺩ ﺘﺭﻜﻴﺯ 
ﺍﻤﺎ ﻭﻤﺴﺘﻭﻱ ﺍﻟﺼﻭﺩﻴﻭﻡ ﻓﻲ ﺍﻟﺒﻭل ﺒﺎﺯﺩﻴﺎﺩ ﻜﻠﻭﺭﻴﺩ ﺍﻟﺼﻭﺩﻴﻭﻡ ﻓﻲ ﻤﺎﺀ ﺍﻟﺸﺭﺏ ﻋﻨﺩ ﺍﻟﻤﺠﻤﻭﻋﺘﻴﻥ 
ﺜﻡ ﻋﺎﻭﺩ ﺍﻻﺭﺘﻔﺎﻉ % 9.0 ﻭ54.0ﻤﺴﺘﻭﻱ ﺍﻟﺒﻭﺘﺎﺴﻴﻭﻡ ﻓﻲ ﺍﻟﺒﻭل ﻓﻘﺩ ﺍﻨﺨﻔﺽ ﻤﻌﻨﻭﻴﺎ ﻋﻨﺩ ﺍﻟﺘﺭﻜﻴﺯ 
ﻤﺴﺘﻭﻱ ﺍﻟﻴﻭﺭﻴﺎ ﻓﻲ ﺍﻟﺒﻭل ﺍﻨﺨﻔﺽ ﻤﻌﻨﻭﻴﺎ ﺒﺎﺯﺩﻴﺎﺩ ﻨﺴﺒﺔ ﻜﻠﻭﺭﻴﺩﺍﻟﺼﻭﺩﻴﻭﻡ  % .5.1ﻋﻨﺩ ﺘﺭﻜﻴﺯ 
  .ﻓﻲ ﻤﺎﺀ ﺍﻟﺸﺭﺏ ﻋﻨﺩ ﺍﻟﻤﺠﻤﻭﻋﺔ ﺩﺍﺕ ﺍﻟﻜﻠﻴﺔ ﺍﻟﻭﺍﺤﺩﺓ ﻤﻘﺎﺭﻨﺔ ﻤﻊ ﺍﻟﻤﺠﻤﻭﻋﺔ ﺩﺍﺕ ﺍﻟﻜﻠﻴﺘﻴﻥ 
ﺌﺞ ﺍﻟﺩﺭﺍﺴﺔ ﺍﻥ ﺍﺴﺘﻬﻼﻙ ﺍﻟﻐﺫﺍﺀ ﺍﻨﺨﻔﺽ ﻤﻌﻨﻭﻴﺎ ﻋﻨﺩ ﺤﺭﻤﺎﻥ ﺍﻟﻤﺠﻤﻭﻋﺘﻴﻥ ﺍﻭﻀﺤﺕ ﻨﺘﺎ
ﻤﻥ ﺍﺴﺘﻬﻼﻙ ﺍﻟﻤﺎﺀ ﻭﻋﻨﺩ ﺍﺨﺭ ﻴﻭﻡ ﻤﻥ ﺍﻴﻘﺎﻑ ﺍﺴﺘﻬﻼﻙ ﺍﻟﻤﺎﺀ ﺍﻨﺨﻔﺽ ﻤﺴﺘﻭﻱ ﺘﻨﺎﻭل ﺍﻟﻐﺫﺍﺀ 
ﻋﻨﺩ ﺍﻟﻤﺎﻋﺯ ﺫﻱ ﺍﻟﻜﻠﻴﺔ ﺍﻟﻭﺍﺤﺩﺓ % 29,05ﻋﻨﺩ ﺍﻟﻤﺎﻋﺯ ﺫﻱ ﺍﻟﻜﻠﻴﺘﻴﻥ ﻭﺒﺤﻭﺍﻟﻲ % 44.95ﺒﺤﻭﺍﻟﻲ 
ﻴﻥ ﺍﺩﻱ ﺍﻟﻲ ﺍﻨﺨﻔﺎﺽ ﻤﻌﻨﻭﻱ ﻓﻲ ﻭﺯﻥ ﺍﻟﺠﺴﻡ ﻋﻨﺩ ﻨﻬﺎﻴﺔ ﺍﻴﻘﺎﻑ ﺍﺴﺘﻬﻼﻙ ﺍﻟﻤﺎﺀ ﻋﻨﺩ ﺍﻟﻤﺠﻤﻭﻋﺘ. 
ﻤﻥ ﻭﺯﻨﻬﺎ % 33.31ﺍﻴﻘﺎﻑ ﺍﺴﺘﻬﻼﻙ ﺍﻟﻤﺎﺀ ﻓﻘﺩﺕ ﺍﻟﻤﺠﻤﻭﻋﺔ ﺫﺍﺕ ﺍﻟﻜﻠﻴﺔ ﺍﻟﻭﺍﺤﺩﺓ ﺤﻭﺍﻟﻲ 
ﺍﺴﺘﻁﺎﻋﺕ ﺍﻟﻤﺠﻤﻭﻋﺘﻴﻥ ﺍﻋﺎﺩﺓ ﺍﻟﻭﺯﻥ % 77.41ﺍﻻﺒﺘﺩﺍﺌﻲ ﺒﻴﻨﻤﺎ ﻓﻘﺩﺕ ﺍﻟﻤﺠﻤﻭﻋﺔ ﺫﺍﺕ ﺍﻟﻜﻠﻴﺘﻴﻥ 
   .ﻪﻤﻥ ﺍﻻﻤﺎﻫ ﺍﻟﻤﻔﻘﻭﺩ ﺨﻼل ﺴﺎﻋﺎﺕ
ﻗﻠﻭﺒﻴﻥ ﺍﻟﺩﻡ ﻭﻤﺴﺘﻭﻱ ﺍﻟﺒﺭﻭﺘﻴﻥ ﺍﻟﻜﻠﻲ ﻓﻲ ﺍﻟﺴﻴﺭﻡ ﻋﻨﺩ ﻤﻜﺩﺍﺱ ﺍﻟﺩﻡ ﻭﺘﺭﻜﻴﺯ ﻫﻤﻭ
ﺍﻟﺴﻴﺭﻡ ﻓﻘﺩ  ﺒﻴﻭﻤﻴﻥل ﻓﺘﺭﺓ ﺍﻴﻘﺎﻑ ﺍﺴﺘﻬﻼﻙ ﺍﻟﻤﺎﺀ ﺍﻤﺎ ﺍﻟﺍﻟﻤﺠﻤﻭﻋﺘﻴﻥ ﺍﺯﺩﺍﺩ ﻤﻌﻨﻭﻴﺎ ﻭﺘﺩﺭﻴﺠﻴﺎ ﺨﻼ
ﻓﺘﺭﺓ ﺍﻴﻘﺎﻑ ل ﺍﺯﺩﺍﺩ ﺘﺩﺭﻴﺠﻴﺎ ﻭﻤﻌﻨﻭﻴﺎ ﺨﻼ. ﺍﻅﻬﺭ ﺍﺯﺩﻴﺎﺩﺍ ﻁﻔﻴﻔﺎ ﺍﺴﺘﺠﺎﺒﺔ ﻻﻴﻘﺎﻑ ﺍﺴﺘﻬﻼﻙ ﺍﻟﻤﺎﺀ 
ﺍﻨﺨﻔﺽ ﻤﻌﻨﻭﻴﺎ . ﻱ ﺍﻟﻴﻭﺭﻴﺎ ﻭﺍﻟﻜﺭﻴﺎﺘﻨﻴﻥ ﻓﻲ ﺍﻟﺴﻴﺭﻡ ﺍﺴﺘﻬﻼﻙ ﺍﻟﻤﺎﺀ ﻋﻨﺩ ﺍﻟﻤﺠﻤﻭﻋﺘﻴﻥ ﻤﺴﺘﻭ
  .ﻤﺴﺘﻭﻱ ﺠﻠﻜﻭﺯ ﺍﻟﺒﻼﺯﻤﺎ ﺍﺴﺘﺠﺎﺒﺔ ﻻﻴﻘﺎﻑ ﺍﺴﺘﻬﻼﻙ ﺍﻟﻤﺎﺀ ﻋﻨﺩ ﺍﻟﻤﺠﻤﻭﻋﺘﻴﻥ 
ﻋﻨﺩ ﺍﻟﻤﺠﻤﻭﻋﺘﻴﻥ ﺍﺴﺘﺠﺎﺒﺔ ﻻﻴﻘﺎﻑ ﺍﺴﺘﻬﻼﻙ RFGﺍﻨﺨﻔﺽ ﻤﻌﻨﻭﻴﺎ ﺤﺠﻡ ﺍﻟﺒﻭل ﻭﻤﻌﺩل 
ﺍﺴﺘﻬﻼﻙ ﺍﻟﻤﺎﺀ ﻘﺎﻑ ﻴﻟﻡ ﻴﺘﺎﺜﺭ ﻤﻌﻨﻭﻴﺎ ﻤﺴﺘﻭﻱ ﺍﻟﺼﻭﺩﻴﻭﻡ ﻭﺍﻟﺒﻭﺘﺎﺴﻴﻭﻡ ﻋﻨﺩ ﺍﻟﻤﺠﻤﻭﻋﺘﻴﻥ ﺒﺎ.ﺍﻟﻤﺎﺀ 
  .ﺒﻴﻨﻤﺎ ﺘﺫﺒﺫﺏ ﻤﺴﺘﻭﻱ ﺍﻟﻴﻭﺭﻴﺎ ﻓﻲ ﺍﻟﺒﻭل ﻋﻨﺩ ﺍﻟﻤﺠﻤﻭﻋﺘﻴﻥ 
 ﺍﻟﻤﻌﻠﻭﻤﺎﺕ ﻋﻠﻰ ﻀﻭﺀ ﺘﻤﺕ ﻤﻨﺎﻗﺸﺘﻬﺎ ﻭﻤﻘﺎﺭﻨﺘﻬﺎﺍﻟﺩﺭﺍﺴﺔ ﻓﻰ ﻫﺫﻩ ﺍﻟﺤﺼﻭل ﻋﻠﻴﻬﺎﺍﻟﻨﺘﺎﺌﺞ ﺍﻟﺘﻰ ﺘﻡ 
  .ﺍﻟﻤﺘﻭﻓﺭﺓ ﻤﻥ ﺍﻟﺩﺭﺍﺴﺎﺕ ﺍﻟﺴﺎﺒﻘﺔ
 
 
